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As part of a U.S. Geological Survey study in Juab Valley in central Utah from 1991 
to 1994, the chemi stry of ground - and surface -water sample s was determined. Total dis-
solved solids in the ground water of southern Juab Valley have historically been higher , in 
general, than ground water in other areas of Utah . Total dissolved solids for ground-water 
samples from this study ranged from 623 to 3,980 milligrams/liter. High-sulfate chemical 
data of previous studies suggested that the major source of ground-water salinity is the dis-
solution of gypsum (hydrou s calcium sulfate ) from the Arapien Shale. Sulfur-34 to sulfur-
32 isotopic ratio data have confirmed that dissolved Arapien Shale is the major source of 
salinity in southern Juab Valley water. 
This thesis study of southern Juab Valley had four main objectives: 1) define the 
present chemistry of the ground and surface water; 2) qualitatively determine the 
lll 
mineralogy of the Middle Jurassic Arapien Shale; 3) determine the major sources of salin-
ity; and 4) determine the main flow path in the ground-water system. Chemical data show 
that the water in southern Juab Valley is predominantly of a calcium-magnesium-sulfate-
bicarbonate composition. X-ray diffraction determined the mineralogy of the Arapien 
Shale as primarily calcite and quartz. Mineralogy of the acid-insoluble residue is illite, 
chlorite, quartz, and a trace of feldspar. Based on chemical, isotopic, and simple salt 
weight percent data, dissolution of gypsum is the major source of salinity in southern Juab 
Valley water. Using the chemical and isotopic data as input , a mass balance computer soft-
ware program (NETPATH) helped to determine that the gypsum is derived from the Arapi-
en Shale . NETPATH and the potentiometric surface map helped to define the main 
ground-water flow path as southwest acros s southern Juab Valley, from Chicken Creek in 
the San Pitch Mountains on the east side of the valley toward Chick Creek Reservoir in the 
southwest part of the valley. 
(121 pages) 
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INTRODUCTION 
Statement of the Problem 
Saline ground and surface water historically has been a problem in southern Juab 
Valley . Agriculture is limited to salt-tolerant crops such as alfalfa, and in certain areas, the 
water is not suitable for drinking. A U.S. Geological Survey 30-year (March 1963 to 
March 1993) water-level map shows 10 to 22 feet (ft) of decline in the valley area; more 
recently, the last 5 of those 30 years show 20 to 63 ft of decline (Batty and Allen, 1993). 
A proposal to import water via a Central Utah Project pipeline could result in 
imported water mixing with the ground water in southern Juab Valley . There are several 
potential effects of the proposed importation of water: 1) the artificial recharge could 
change the water chemistry and may lessen the salinity; 2) the increase in volume of 
ground water could increase dissolution of the salts already in the soil, particularly in the 
lower parts of the valley; or 3) the salinity of the ground water could remain generally 
constant, i.e., even though more salts are dissolving , there is also more water in the system, 
and hence the ratio of water to salt content might not change substantially. 
Purpose and Scope 
This thesis recounts work done by the author in conjunction with a U.S. Geological 
Survey (USGS) investigation of the recent water "budget" for Juab Valley (Thiros and 
others, in press). The author has limited the scope of this thesis to a baseline study of the 
present chemistry of the ground and surface water, the mineralogy of the Middle Jurassic 
Arapien Shale, the possible sources of salinity, and the main flow path in the ground-water 
2 
system of southern Juab Valley. 
Another study should be conducted after artificial recharge of imported water into 
the southern Juab Valley aquifer to definitively answer the question of what happens to the 
salinity of the water if imported water is added to the aquifer and more water is moving 
through the ground-water system. That possible future investigation would need the 
baseline data collected and interpreted from this study. 
Previous Investigations 
Probably the earliest hydrologic study of the area was conducted by Oscar E. 
Meinzer in the first decade of the 20th century. Meinzer ( 1911) wrote that the water of Juab 
Valley is hard, but generally of good quality, with a few wells containing saline water. A 
16-year (1892-1908) average precipitation of 16.58 inches was reported. As of 1910, there 
were only a few wells in southern Juab Valley , ranging in depth from 24 ft Uust west of 
Chicken Creek Reservoir near the southwest end of the valley) to 92 ft adjacent to Levan 
Ridge (on the north end of southern Juab Valley). Farmers depended on snowmelt water 
flowing out of Pigeon and Chicken Creeks and stored in reservoirs for irrigation of the main 
crop, which was winter wheat. Meinzer (1911) reported that only one flowing well near 
Chicken Creek Reservoir (southwest end of the valley) existed until 1908, when an 
exploratory oil well was drilled approximately 1/2 mile east of the flowing well. The 
existing flowing water well was 130 ft deep and discharged only several gallons per minute. 
When the drillers reached 165 ft in the exploratory oil well, water gushed out at about 200 
gallons per minute. The drillers finally stopped drilling at 560 ft due to the abundance of 
3 
flowing water. The ground water is confined in this part of the lower valley area, as the 
drill log for the exploratory oil well states 5 ft of blue clay was encountered at the 40-ft 
depth followed by 75 ft of quicksand and gravel (where some water was encountered), 10 
ft of conglomerate and yellow clay to the 130-ft depth, then 35 ft of gravel mixed with 
quicksand and clay containing water. Meinzer reported that spring discharge was the 
greatest from July to October, indicating several months of lag time as the infiltrated 
snowmelt water moved through the ground before emerging again at a low altitude where 
the potentiometric surface is above the land surface or, if the spring emanates from the 
foothills of the San Pitch Mountains , along the top of a more resistant rock unit. 
Two more recent studies were conducted by the USGS (Bjorklund, 1967; Bjorklund 
and Robinson, 1968). These investigations showed concentrations of dissolved solids 
greater than 1,000 parts per million (ppm) in six of eight wells tested for water quality in 
southern Juab Valley. Bjorklund (1967) has suggested that the salinity may be due to 
dissolution of gypsum, anhydrite, and halite from the Jurassic age Arapien Shale in the San 
Pitch Mountains into the surface- and ground-water systems. Bjorklund and Robinson 
( 1968) stated that the saline water is partly due to dissolution of fine-grained sediments 
derived from the Arapien Shale, partly to concentration of minerals during 
evapotranspiration from natural wetlands on the valley floor, and partly to recirculation of 
irrigation water. A literature search indicated that no studies to date have included 
geochemical investigation of this theory. 
The chemical analyses done during Bjorklund's studies showed that the major ions 
causing salinity in southern Juab Valley are sodium (reported as combined with potassium), 
4 
calcium, sulfate, and chloride. Sodium plus potassium concentrations were 47 to 424 
milligrams per liter (mg/L). Calcium concentrations ranged from 108 to 184 mg/L. Sulfate 
concentrations ranged from 395 to 518 mg/Land chloride ranged from 53 to 685 mg/L 
(Bjorklund, 1967; Bjorklund and Robinson , 1968). 
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DESCRIPTION OF THE STUDY AREA 
Location and Physiography 
Southern Juab Valley, located in central Utah (figure 1), is approximately 16 miles 
long and 2 to 6 miles wide, and is bordered on the north and south by Levan Ridge and the 
South Hills, respectively, and on the east and west by the San Pitch Mountains and the West 
Hills, respectively. The valley is part of the physiographic Basin and Range Province that 
has experienced intraplate extension since the late Cenozoic, creating a series of grabens 
bounded by north-trending , high-angle normal faults (Witkind and Weiss, 1991). The 
north-trending Wasatch fault zone is a series of discontinuous normal fault segments that 
extend from near the Utah-Idaho border to central Utah (through the east side of southern 
Juab Valley). Movement along the Wasatch fault in southern Juab Valley has occurred 
during the Quaternary and has created escarpments between the alluvial-filled basin to the 
west and the San Pitch Mountains to the east (Smith and Bruhn, 1984). 
Climate and Agriculture 
A 30-year (1961-1990) precipitation average of 15.15 inches was received at the 
Levan weather station at an altitude of 5,300 ft (Ashcroft and others, 1992). A 30-year 
( 1961-1990) average of mean monthly temperatures ranges from 73 degrees Fahrenheit in 
July to 25 degrees Fahrenheit in January. Hay (mainly alfalfa), siliage com, and sod are 
the main crops in southern Juab Valley (Gneiting, 1992). 
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Geologic Setting 
Deposits in southern Juab Valley range in age from Mesozoic to Recent. 
Depositional areas in valleys and along streams contain Quaternary and Holocene alluvial 
deposits. The generalized geology of the rocks surrounding the valley is Mesozoic 
limestone, shale , mudstone, siltstone, sandstone , and conglomerate, and Cenozoic 
conglomeratic sandstone , limestone, claystone, siltstone , volcanic tuff , volcanic mudflow 
breccia , and intrusive monzonite (figure 2) (Witkind and Weiss, 1991). 
A number of geologic studies have been conducted in southern Juab Valley . The 
structural complexity of the rock formations has resulted in much discussion regarding 
stratigraphy and different theories of structural event s. The stratigraphic argument s include 
disagreement on the actual thickness of the Arapien Shale and discussion on the names of 
these Middle Jurassic rock units . Folding of the Middle Jurassic rocks makes it difficult to 
discern the total units' thicknes s in southern Juab Valley. Through the 1970s, the name 
Arapien Shale Formation was used for some of the Middle Jurassic rock units. The 
formation was divided into the Twist Gulch Member (younger) and the Twelve Mile 
Canyon Member (older). It was recommended in 1983 that the Twist Gulch Member be 
called the Twist Gulch Formation and the Twelve Mile Canyon Member be called the 
Arapien Shale Formation (Irving J. Witkind , U.S. Geological Survey, oral commun. , 
1994). This thesis follows this recommendation , based on approval that was given by the 
U.S. Geological Survey's Geologic Names Committee and supporting conformance with 
the North American Stratigraphic Code. 
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Figure 2. Generalized geology of the southern Juab Valley study area, Utah. 
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The San Pitch Mountains, on the east side of the valley, are a structural highland 
comprised of a doubly plunging, north-trending anticline. The apex of the anticline is the 
ridge connecting Levan Peak to Horse Heaven Mountain. The west limb of the anticline, 
which represents the foothills on the east side of southern Juab Valley, is a series of 
complexly deformed small folds paralleling the anticlinal axis and cut by the Wasatch fault, 
with the down-faulted part buried beneath Juab Valley (Auby, 1991). 
Different theories of structural events center on two main ideas. Some geologists 
think the complex folding of the Middle Jurassic rocks was caused by continental plate 
thrusting and multiple episodes of orogeny, whereas other geologists cite salt diapirism at 
depth as a major cause (Witkind, 1982). 
Witkind (1982) interpreted the anticline as a salt diapiric fold (see Levan Diapiric 
Fold, figure 2), following a salt tectonics hypothesis suggested by Stokes in 1952 (Auby, 
1991). Witkind (1982) and Stokes (1982) theorized that halite in the Arapien Shale has 
caused salt diapirism, forcing up the enveloping calcareous mudstone, which, in tum, has 
bowed up strata above to form folds. These folds are elongated, which Witkind stated may 
be due to the salt moving along faults that serve as conduits. Salt moving away from an 
area by either lateral flowage or along faults would cause subsidence and collapse of 
overlying strata (Irving J. Witkind, U.S. Geological Survey, oral commun., 1994). Witkind 
stated that a number of expansions and collapses could have happened since Middle 
Jurassic time. 
Standlee (1982) countertheorized that the Arapien rocks have been severely 
deformed by bedding-plane thrusts and Zoback (1987) stated that seismic profiling 
10 
indicates the deformation of the rocks can be mainly attributed to late-stage Sevier thrusting 
and superimposed Tertiary normal faulting with some local disturbance by salt diapirism. 
Northeast of the town of Levan, along the front of the San Pitch Mountains, 
volcaniclastic and pyroclastic rocks of the lower Oligocene and upper Eocene Moroni 
Formation abut the Middle Jurassic Arapien Shale on the east side and give way to 
Quaternary landslide deposits to the west (Witkind and Weiss, 1991). The Arapien Shale 
is interbedded pink to gray calcareous mudstone, gypsiferous shaly siltstone, and fine-
grained sandstone rich in halite , gypsum, and anhydrite minerals (figure 3) (Witkind, 
1982) . During Middle Jurassic time, the Arapien Shale was deposited on a stable platform 
of a shallow epicontinental sea. The area was largely a restricted marine embayment that 
developed during a major regression of an epeiric sea that covered the western edge of the 
North American craton (Sprinkel and Waanders , 1984). East of Levan the most prevalent 
type of rock is the Arapien Shale, which locally contains pockets of massive and crystalline 
gypsum . Witkind and Weiss (1991) have mapped much of this area as Middle Jurassic 
Twin Creek Limestone, with the Arapien Shale to the east of the Twin Creek Limestone. 
However, Auby (1991) has mapped the area as Arapien Shale. East of the Arapien Shale 
lie younger sedimentary rocks of the upper Middle Jurassic Twist Gulch Formation and 
Upper Cretaceous Indianola Group. Deposits of the Indianola Group (figure 4), a red 
boulder conglomerate with interbedded sandstone, mudrock, and a minor amount of 
freshwater limestone, form massive ledges 60 to 100 ft in height and cap the San Pitch 
Mountains. The depositional environment for these Upper Cretaceous rocks was a foreland 
basin in front of the eastward-thrusted terrain of western Utah (Auby, 1991). There is an 
11 
Figure 3. Photograph of the Arapien Shale Formation in Chicken Creek Canyon. 
Figure 4. Photograph of the Indianola Group conglomerate in Chicken Creek Canyon. 
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intrusive plug of Tertiary (lower Miocene to upper Oligocene) white leucomonzonite (5 to 
7% phenocrysts consisting of plagioclase, orthoclase, biotite, and magnetite and about 1 % 
hornblende) southeast of Levan. East of the leucomonzonite is more shale, along with 
small stocks and dikes of intrusive monzonite porphyry that is the same age as the 
leucomonzonite but contains more hornblende ( about 10% ). Arapien Shale extends south 
to Little Salt Creek (Witkind and Weiss, 1991). 
In southern Juab Valley, recent alluvium of clay to boulder-sized detritus, which is 
locally derived and deposited along intermittent stream drainages, interfingers with 
coalesced alluvial fans and pediment mantles near the foothills. The lowest part of southern 
Juab Valley is near Chicken Creek Reservoir on the west side. Clay lenses are more 
prevalent in the lower area. The San Pitch Mountains are higher in elevation (peaks up to 
about 9,100 ft) than the West Hills (top ridges are just over 6000 ft) and have had great 
quantities of rock eroded from them, with the detritus forming large alluvial fans all along 
the east side of Juab Valley. Drill hole logs describe anomalous layer s of clay interbedded 
with gravel, cobbles, and boulders in the alluvial fan foothills just east of Levan. Usually, 
in unconsolidated alluvium, the clay would be winnowed away to lower altitudes by ground 
water, but it is possible the alluvium and clay were part of an old playa and more recent 
faulting uplifted the area to a slope abutting the San Pitch Mountains . A drill-hole-log 
profile across the valley shows a number of clay layers and lenses that are interbedded with 
sand and gravel (see A-A', figures 2 and 5). 
The Arapien Shale Formation does not crop out on the west side of southern Juab 
Valley, but it is underneath a normal stratigraphic section of Tertiary through late Mesozoic 
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sedimentary rocks (Zoback, 1987). In the West Hills, drill-hole data show three major 
sections of massive salt in the Arapien Shale Formation between 5,490 and 6,580 ft below 
the surface. The Navajo Formation (mainly sandstone) is encountered at about 10,650 ft 
below the surface and the Chinle Formation at about 12, 100 ft below the surface (Frank 
Matthews, State Division of Oil, Gas and Mining, oral commun., 1994). The exposed 
sedimentary rocks of the West Hills are mainly limestone, sandstone, siltstone, shale and 
conglomerate of Tertiary and Upper Cretaceous age (Bjorklund, 1967). 
Bjorklund and Robinson ( 1968) stated that Levan Ridge , 2 miles north of Levan , is 
a large alluvial fan that extends westward across the valley. It is at an altitude of 5,367 ft 
near State Highway 28. The lowest altitude in the valley is 5,000 ft at Chicken Creek 
Reservoir near the south end gap. 
Hydrologic Setting 
Bjorklund ( 1967) stated that almost all of the ground and surface water comes from 
precipitation within the drainage basin. Any interba sin subsurface flow is unknown. 
Recharge to the ground-water aquifer is by infiltration from streams, irrigation water, and 
possibly minor subsurface inflow from adjacent basins. Chicken Creek, in the San Pitch 
Mountains, is the major perennial stream with a drainage area of 27.9 square miles. The 
average annual streamflow (1963-93 record) in Chicken Creek is 5,760 acre-ft/year. Base 
flow averages (1963-93 record) range from 2.6 cubic ft per second (cfs) in October , to 1.8 
cfs in December, to 2.2 cfs in February. Snowmelt runoff in Chicken Creek drainage 
typically occurs in May, with an average (1963-93 record) of 36 cfs, dropping to an 
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average of 15 cfs in June (ReMillard and others, 1994). Other streams in the San Pitch 
Mountains (Pigeon, Deep, Little Salt, and Chriss Creeks) are perennial in their upper 
reaches, but in most years, lose their water to the valley fill downstream. Some of the 
creeks (most notably , Pigeon and Chicken Creeks) have been diverted in their upper 
reaches or near the mouths of their canyons to fill small reservoirs. The main ground-water 
flow path follows a southwest direction from the upland areas around Levan to the lowest 
valley altitude at Chicken Creek Reservoir (figure 6). Near Levan, the ground-water flow 
path, as determined from the potentiometric surface map, is toward the town. It is most 
likely that this local reversed flow is due to ground-water pumping in the fields adjacent to 
Levan. 
The estimated average surface area of Chicken Creek Reservoir is about 300 acres. 
Ground water discharge s to the surface in the lower part of the valley near Chicken Creek 
Reservoir as springs, seeps, and from flowing wells. About 1,300 acre-ft/year is estimated 
to reach the reservoir via the nearby flowing springs and flowing wells. In addition, an 
unknown quantity of spring water enters from the bed of the reservoir (Bjorklund and 
Robinson, 1968). Chicken Creek does not flow above ground across southern Juab Valley. 
The average net surface-water discharge, which takes precipitation and evaporation into 
account, from Chicken Creek Reservoir is about 3,500 acre-ft/year (Thiros and others, in 
press) . There are only ephemeral and intermittent streams in the West Hills (Bjorklund and 
Robinson, 1968). 
Water -table conditions exist mostly in 1- to 3-mile widths around the margins of 
southern Juab Valley (alluvial fan areas). Artesian conditions exist in the lower parts of the 
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valley. Ground-water movement is vertically downward near the foothills and valley 
margins and upwards near the lowest altitude of the valley (Bjorklund, 1967). 
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Field transmissivity and hydraulic conductivity data are lacking . Two wells in 
southern Juab Valley were used for slug tests. Transmissivity and hydraulic-conductivity 
values determined from slug tests are only representative of the aquifer near the finished 
interval of the well being tested, and the values are influenced by the grain size of the 
material in the annular space around the well casing . Transmissivity values were 150 
ft2/day at well (D-14-1) 6dbb- 1 (see appendix A for a description of the numbering system 
used in Utah for hydrologic-data sites) on Levan Ridge near the northern edge of southern 
Juab Valley , and 2,400 ft2/day at well (C-15-1) l 7bbb- 1, southwest of Levan near Interstate 
15. Hydraulic-conductivity values for these two wells were 2.4 ft/day and 53 ft/day, 
respectively . The Cooper, Bredehoeft, and Papadopulos (1967) method was used to 
estimate transmi ssivity and the Bouwer and Rice (1976) method was used to estimate 
hydraulic-conductivity values (Thiros and others, in press) . 
In addition to the slug tests, an aquifer-pump test was conducted incorporating 
multiple wells in basin-fill at a site southwest of Levan. A well , (C-15- l)lOacc- 1, was 
pumped for 43 hours at a rate of about 700 gallons per minute (gpm) during late October 
1993. The water was discharged through sprinklers about 1/4 mile downgradient from the 
observation wells. Using the Cooper and Jacob (1946) straight-line method, the 
transmissivity of the aquifer, determined from the pumped well, was estimated to be 2,300 
ft2/day. Using the modified Hantush (1960) method, transmissivity in the surrounding 
wells, where water-level recovery was monitored, was about 4,000 ft2/day. Depending on 
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the set of leakage parameter type curves selected, the storage coefficient of the aquifer 
ranges from about 0.00005 to 0.0005. The responses in the surrounding wells indicate that 
there is leakage through the confining layer (i.e., the pumped well is deeper than some of 
the surrounding observation wells, which are finished above a hardpan layer). The vertical 
hydraulic-conductivity of the confining layers was estimated at about 2 ft/day (Thiros and 
others, in press). 
USGS historical data for 1963-1993 show drawdowns (ground-water level 
changes) of 5 to 22 ft in the area west of Levan (figure 7) . Ground-water level changes 
were determined by subtracting the 1993 water levels from the 1963 water levels at the 
same sites. The large st drawdown was closest to Levan, which is an area of irrigated alfalfa 
and sod farms that utilize pumped ground water. More recent historical data for 1988- 1993 
show drawdown s from 20 to 63 ft in this same area, i.e., 1993 water level s have been 
subtracted from 1988 water levels at the same sites. The greater declines between 1988 and 
1993 than between 1963 and 1993 are probably related to lower annual precipitation and 
above-average ground-water withdrawals for irrigation from 1988 through 1993. 
Precipitation, 14.48 inches (measured at Nephi , just north of Levan Ridge) during 1992, 
was a small amount (0.23 inch) above the average for 1935-92. However , the 1988-92 
average annual precipitation at the Nephi station was 13.18 inches, which is only 1.07 
inches below the 1935-92 average, but 5 .13 inches less than the average for the preceding 
5-year period, 1983-87 (Batty and Allen, 1993). The increase in ground-water 
withdrawals for irrigation is related to below-average precipitation, but could also be 
related to greater crop production. On Levan Ridge in the north and near Little Salt Creek 
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in the south, data from 1963-1993 show water-level rises of 46.2 and 21.0 ft, respectively 
(Thiros and others, in press). It has been suspected for several years, by USGS personnel 
who make water-level measurements, that the well on Levan Ridge may be caved in and it 
may no longer be used as an observation well in future years. It is unknown as to whether 
or not there is a problem in the well near Little Salt Creek . Both of these areas are mainly 
dryfarmed alfalfa fields. 
Middle Jurassic Arapien Shale generally has very low permeability because it has 
a high clay content, but locally it supplies water to small springs in the canyons of the San 
Pitch Mountains. Sandy conglomerate of the Late Cretaceous Indianola Group caps the 
San Pitch Mountains and is fractured , weathered, and more permeable than the Arapien 
Shale. The fractured conglomerate accepts substantial ground-water recharge from rain 
and snowmelt. Many of the springs flow from the Indianola conglomerates and typically 
discharge near the contact of the conglomerate and the Arapien Shale in the San Pitch 
Mountains (Bjorklund, 1967). 
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METHODS OF INVESTIGATION 
Collection of Samples 
To define the present chemistry of the ground and surface water in southern Juab 
Valley, 23 water samples were collected for temperature, pH, specific conductance, 
calcium carbonate alkalinity, major ions, nutrients of nitrate plus nitrite and phosphorus, 
trace metals, triazine and 2,4-D herbicides, stable isotopes of oxygen ( oxygen-18) , 
hydrogen (deuterium), and sulfur (sulfur-34), radioactive tritium, and chlorofluorocarbons 
(CFCs). The sites were selected based on areal location, well depth (or well-perforation 
intervals) , and ability (accessibility) to collect a sample at the site . Sixteen wells , 5 springs, 
and 2 stream samples were collected (see Results section for figure 9 - map of site locations, 
and table 1 - chemical data) . Arapien Shale and massive gypsum nodules (in the Arapien 
Shale Formation) were collected for x-ray diffraction (XRD) mineral analysis and sulfur-
34 stable isotope analysis. 
All ground-water samples (springs and pumped and flowing wells), with the 
exception of two , were collected at the initial point of discharge from the ground. The 
exceptions were (C-15-1) 11 baa- 1 (see appendix A for description of the numbering system 
for hydrologic-data sites) , which had to be collected from a nearby sprinkler head because 
there was no flow valve at the well head, and (C-14-1)22ddc- 1, which was collected from 
a nearby bathroom faucet because there was no access to the well. 
It is possible that the sample from (C-15-1) 11 baa- 1 was corningled water. It is a 
common practice in southern Juab Valley to irrigate crops with water from several wells 
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and the water is mixed in the pipeline before it exits the sprinklers. However, in this case, 
no other nearby wells were pumping, and the pumping well that was targeted ([C-15-
1] 11 baa- 1) was adjacent to the sprinkler head where a water sample was collected. 
A problem that was encountered at (C-14-1 )22ddc- 1 was a higher temperature than 
expected. Typical ground-water temperatures in southern Juab Valley ranged from 12 to 15 
degrees Celsius. This water, sampled from the bathroom faucet, had a temperature of 22.5 
degrees Celsius, probably due to warming of the water as it sat above ground in a storage 
tank before moving through the pipeline to the bathroom. The water was allowed to run 
for about 10 minutes; however, the temperature did not change. 
Surface-water samples were collected midstream in generally the highest velocity 
area. Two samples were collected on Chicken Creek. One site, higher up in the San Pitch 
Mountains, was water flowing through the conglomerate of the Indianola Group (i.e ., the 
water had not yet reached the Arapien Shale farther downstream). The other site was 
downstream near the mouth of Chicken Creek canyon, where the water was flowing 
through the Arapien Shale. 
For all samples, temperature and specific conductance were determined at the site 
before collection of the sample. Alkalinity (samples filtered through 0.45 micron pore 
size) and pH (unfiltered samples) were determined at the site or within a short walking 
distance immediately following collection of the water sample. 
For major ions and trace metals, the water was collected in opaque 250-milliliter 
(ml) plastic bottles . Water for cation analysis was filtered (0.45 micron pore size) and 
acidified with 1.0 ml of nitric acid. Water for anion analysis was also filtered (0.45 micron 
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pore size), but not acidified. Nutrient samples were filtered and the water was collected in 
125-ml dark brown plastic bottles. All samples were chilled, though chilling was critical 
for only the nutrient samples. Nutrient samples were sent by overnight mail to the USGS 's 
water-quality laboratory in Arvada, Colorado and were tested within a week. Water 
samples for major ion and trace metal analyses were shipped to Arvada within a week of 
collection and tested within several weeks after receipt. 
Water for stable isotope analyses and immunoassay testing for herbicides was 
collected, unfiltered, in 125-ml glass bottles. The tritium water samples were collected, 
unfiltered, in one-liter plastic bottles . Water for CFC analysis was thermally sealed in glass 
tubes ; however , the sealing process was incomplete on several samples, and possible air 
contamination probably gave bad data upon measurement at the lab. 
The immunoassay samples were analyzed at the USGS ' s in-house laboratory in Salt 
Lake City by the author. Oxygen- I 8, deuterium, tritium , and CFC samples were analyzed 
at the USGS 's isotope laboratory in Menlo Park, California . The sulfur-34 sample s 
(including the Arapien Shale rock sample collected near the mouth of Chicken Creek 
Canyon) were analyzed at USGS's isotope laboratory in Reston, Virginia. Rock samples 
for XRD were prepared and analyzed by Peter Kolesar and the author at Utah State 
University ' s Department of Geology X-ray mineral laboratory. 
Chemical Analyses 
Field measurements 
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Temperature, pH, specific conductance, and calcium-carbonate alkalinity are good 
indicators of general environment (Hem, 1992). The temperature must be recorded 
because pH and specific conductance are dependent on temperature. The pH is a useful 
index of the status of equilibrium reactions in the water and provides effective 
concentration (activity) values of H+ and OH- in solution. The pH was measured using a 
Leeds and Northrup 7417 meter, calibrated before and after measurements with Fisher 
Scientific pH 4.0 , 7.0 , and 10.0 buffer solutions. Specific conductance is the ability of a 
substance of unit length and unit cross section to conduct an electrical current at a specified 
temperature . Conductance measurements provide an indication of the total ion 
concentration of the water; the higher the total ion concentration of the water, the higher 
the conductance measurement. Specific conductance was measured using a CDM 80 
Radiometer that was calibrated with a range of U.S. Geological Survey conductance 
standards at the beginning of each field run. Calcium-carbonate alkalinities were 
determined in the field using a Hach digital titrator. Sulfuric acid (0.160 normality) was 
added incrementally until an end point of 4.0 pH was reached. The deflection point, which 
is reached when the rate of change of pH per added volume of titrant is at a maximum , is 
indicative of the alkalinity of the water sample. Alkalinities were calculated manually and 
data were also graphed with U.S. Geological Survey software called ALK. The alkalinity 
titration is a measure of the water's ability to react with and neutralize acid, which reflects 
the dissolution potential of the water in some kinds of water-rock interactions (Hem, 1992). 
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Carbon-dioxide species (mainly bicarbonate and carbonate) dissolved in water are the 
principal sources of alkalinity. The most common practice is to report alkalinity in terms 
of an equivalent amount of calcium carbonate, bicarbonate , or carbonate. An assumption 
is made that the total alkalinity is the sum of the carbonic acid (H2C0 3), bicarbonate 
(HCo 3-), and carbonate (C0 3-2) activities; however, in reality, noncarbonate species that 
can also contribute to alkalinity include hydroxide, silicate, borate, and organic ligands. 
Usually, the noncarbonate species are present in very small concentrations compared to 
bicarbonate and carbonate species (Drever, 1988). Equilibrium expressions can be written 
for the chemical reactions involving each of the three major carbon-dioxide species to 
determine the dissociation equilibrium constant (K). The equilibrium expressions are 
ratios of the product ion activities to the reactant ion activities. The activities are affected 
by the water temperature . Since temperature affects ion activity, the K value also changes 
with temperature. Thus, activity ratios of carbon-dioxide species product s and reactants 
will give different dissociation values (K) for different temperatures (Drever, 1988; Hem, 
1992; Briant Kimball, USGS , unpublished Aquatic chemistry notes, 1995). The 
dissociation equilibrium expressions are set up as follows: 
C0 2(g) + H20 = H2C0 3 Kco 2 = [H2C0 3]/Pc 02 [H20] , where [H20] = 1 
(for dilute waters) 
H2C03 = H+ + HC03 - K 1 = [H+] [HC03-]/[H2C03] 
HC03- = H+ + C03- 2 K2 = [H+] [C03-2]/[HC03-] 
The activity of a species is equal to its chemical potential and, in the above 
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equilibrium equations, is denoted by brackets. The activity can be thought of as the 
"effective" or "active" concentration of a species. In an ideal solution, the activity of a 
species is equal to the concentration of that species in solution. However, in natural waters, 
ionic species are in hydration shells (consisting of water molecules that are structurally 
ordered in a manner different from pure water molecules). The hydration shells change the 
ability of the species to interact. Uncharged species approximate the behavior of an ideal 
solution more closely than charged species. The ratio between the active (apparent) 
concentration of a substance and the actual (analytical) concentration is called the activity 
coefficient (y) (Snoeyink and Jenkins , 1980; Drever, 1988). Thus, multiplying the activity 
coefficient (y, unitless) by the molar concentration (min moles/liter) will give the activity 
(aj) of a species. 
Based on K I and K2 for the equilibrium expressions above, percentages of 
dissolved carbon-dioxide species activities at various temperatures (at 1 atmosphere 
pressure) can be plotted as a function of pH (figure 8). 
Laboratory measurements 
Laboratory analyses for pH, specific conductance, major cations and anions, nutri-
ents, and trace metals give an indication of how the water is reacting with its environment. 
Major ions in the water samples are indicators of what types of minerals are dissolving from 
nearby rocks, sediment, and fertilizers (Hem, 1992). Water samples were analyzed for cal-
cium, magnesium, sodium, potassium, bicarbonate, sulfate, chloride, fluoride, silica, ni-
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1992, p. 107). 
trogen (N0 2 + N0 3), phosphorus , iron, manganese, bromide, boron, and selenium. 
To locate evidence of recirculation of irrigation water, water samples were analyzed 
by immunoassay testing at USGS 's in-house lab by the author for two locally used 
herbicides, triazine and 2,4-D, utilizing Millipore EnviroGard plate kits and Millipore's 
testing method. The chemical tests do not differentiate between the types of triazine or 
related 2,4-D residues. Instead, the tests detect these compounds to differing degrees and 
give a lower limit of detection, also called a least detectable dose (LDD). Such 
immunoassay-type testing is a basic screen; if a LDD is detected, then more thorough 
testing can be done in the lab to determine exact amounts and types of triazine or 2,4-D. 
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Commonly, the triazine compound measured is atrazine, a season-long weed control used 
on com, sorghum, and certain other crops. Compounds of 2,4-D are used on grasses, 
wheat, barley, oats , rangeland pasture, turf, and certain other crops for postemergent 
control of certain weeds (Ed Steams, Environmental Protection Agency, oral commun., 
1995). Herbicides can act as "chemical fingerprints" in the determination of whether there 
is recirculation of irrigation water, and, if there is recirculation, where that recirculation 
takes place. Detectable amounts of these herbicides in any of the ground-water samples 
would be a good indication of recirculation of irrigation water. Crops sprayed with these 
herbicides come into contact with irrigation water that carries some of the herbicide into 
the ground. The return-flow irrigation water eventually percolates down to the ground-
water aquifer to be pumped out again in another irrigation cycle. Recirculation of irrigation 
water is one of the possible sources of salinity being investigated. 
Laboratory analyses for stable isotopes of oxygen and hydrogen ( oxygen-18 and 
deuterium) and sulfur (sulfur-34) were conducted on selected samples. Fourteen water 
samples were collected for oxygen-18 and deuterium analyses, of which 8 were from wells , 
4 from springs, and 2 from different sites on Chicken Creek . Five water samples were 
collected for sulfur-34 analysis, of which 2 were from wells, 2 were from springs, and 1 
was from Chicken Creek. One Arapien Shale rock sample was collected for sulfur-34 
analysis. The delta oxygen-18 ( b 180) test procedure is a modification of the Epstein and 
Mayeda (1953) carbon-dioxide, water-equilibration technique. Concentrations of delta 
oxygen-18 were then calculated in accordance with the method described in Horita ( 1989). 
Deuterium compositions were determined by a modified Kendall and Coplen (1985) 
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technique, which utilizes zinc to convert water quantitatively to hydrogen. 
Knowledge of the concentrations of stable isotopes in water can aid, along with 
other hydrologic, geologic, and geochemical information, in locating the source of 
recharge, or determining the degree of mixing between different waters if the waters are 
isotopically different. For example, the most common isotope of oxygen is oxygen-16, and 
its abundance on earth is 99.76% of all oxygen isotopes. Oxygen-18 is the second most 
abundant isotope of the oxygen atom (0.20% abundance on earth). Stable isotopes of 
hydrogen consist of hydrogen-I (99.985 % abundance) and hydrogen-2, or deuterium 
(0.015% abundance). There is about one deuterium atom per 6,700 hydrogen atoms in the 
hydrosphere (Drever, 1988). Of the two sulfur isotopes used in water investigations, the 
most common one is sulfur-32 (95.02% abundance), which is compared to the sulfur-34 
(4.21 % abundance) (Coplen, 1993). 
The relative ratio of the rare isotope to the common isotope (oxygen-18/oxygen-16, 
deuterium/hydrogen, or sulfur-34/sulfur-32) can be measured by gas-source, mass 
spectrometers. The isotopic ratio (R) of the sample is divided by the ratio ( oxygen-18/ 
oxygen-16, deuterium/hydrogen, or sulfur-34/sulfur-32 respectively) of a reference 
standard. SMOW (standard mean ocean water reference) is the reference standard used for 
hydrogen and oxygen isotopes, and troilite from the Canyon Diablo meteorite is the 
commonly used reference standard for sulfur isotopes. The resulting delta value is the 
deviation from the standard in parts per thousand (per mil) units. The general equation used 
for determining delta for stable isotopes is: 
8 = [(Rsample-Rstandard)/RstandardJ X 1000 
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Chemical behavior (energy) of an element (atom) is dependent on its electron con-
figuration and its translational, rotational, and vibrational components. Mainly the vibra-
tional and rotational components differ for different isotopes of an element, due to slight 
differences in their masses (Faure, 1977). Energies, displayed by vibrational frequencies, 
vary for isotopes of an element. All energies decrease with decreasing temperature and the 
vibrational frequencies are inversely related to an element's mass. The higher vibrational 
frequencies of the lighter isotopes result in more easily broken bonds within the molecules, 
causing the lighter isotopes to be more reactive than the heavier isotopes. Fractionation 
will occur during isotopic exchange reactions (among molecules containing the element), 
unidirectional reactions (with reactants and products), and physical processes (evaporation, 
condensation, etc.) (Faure, 1977). 
Fractionation is apparent in evaporation and precipitation in the hydrologic cycle, 
and in mineralogical and biological chemical reactions (Drever, 1988). As an example, the 
ratio of oxygen-18 to oxygen-16 in clouds will be different from the ratio in rain . Ocean 
water is considered the standard for oxygen-18 and deuterium isotopes. Thus, in the ocean, 
delta oxygen-18 and delta deuterium are zero parts per mil. As the moisture-filled clouds 
leave the ocean and move inland, fractionation occurs and the precipitation becomes 
isotopically lighter and lighter as the heavier isotopes are continuously removed from the 
clouds (Coplen, 1993). For example, a delta deuterium ( 8 D) value of -100 indicates that 
the sample has 100 parts per mil ( 10 percent) less deuterium than does the SMOW standard. 
Stable isotopes can aid in explaining which sources are likely, or which processes 
are at work, in nature. If geothermal water is a source of salinity, oxygen-18 values will be 
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enriched because, in a geothermal system, there is an exchange of oxygen between the 
water and rocks at high temperatures, which increases the oxygen-18 content of the water 
and decreases that of the rocks. If water has evaporated, deuterium and oxygen-18 
concentrations will be enriched because these isotopes become more concentrated in the 
remaining portion (Coplen, 1993). To differentiate evaporation from mineral dissolution 
as the process causing salinity, a plot of b D or b 180 versus chloride concentrations can 
be used. Water that is enriched in deuterium or oxygen-18 with a corresponding increase 
in chloride can represent water that has undergone evaporation; i.e., the heavier isotopes 
have been concentrated in the residual portion. Water not enriched in deuterium or oxygen-
18, but with a high chloride concentration, can represent water that has undergone mineral 
dissolution (Carol Kendall, USGS, unpublished Isotope hydrology notes, 1991). The 
increase in chloride in the second case (mineral dissolution) would be due to dissolution of 
the abundant chloride ions in the basin-fill deposits and paleo-playas of the lower valley. 
The delta sulfur-34 ( b 34S) of the rock sample is indicative of the age of the gypsum 
in southern Juab Valley. Middle Jurassic evaporites have ab 34S range of approximately 
15-19 parts per mil (o/oo) (Holser, 1977). Water that has been in contact with the Middle 
Jurassic Arapien Shale should have a similar b 34S. Therefore, the b 34S becomes a 
signature that can be used to determine if the gypsum in the Arapien Shale is a possible 
source of salinity in the water. 
Two water samples were collected for tritium analysis, one from a spring on the 
north side of Chicken Creek Reservoir in the lower end of the valley and one from the east 
side of the reservoir. Tritium is a heavy radioactive isotope of hydrogen with an atomic 
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weight of 3. It decays by beta emission to 3He and has a half-life of 12.43 years. Tritium 
is present in nature as part of the water molecule, and forms naturally in the upper 
atmosphere by cosmic-ray spallation and by the interaction of fast neutrons with nitrogen, 
or artificially through the explosion of hydrogen bombs. Tritium results are reported in 
tritium units (TU) ( 1 TU = 1 3H atom/10 18 H atoms). Thermonuclear weapons testing in 
the 1950s and 1960s produced large amounts of tritium in the atmosphere. Through 
precipitation and recharge, the tritium mixed with ground water. Tritium concentrations in 
precipitation reached a peak in the early 1960s of 1,000-10,000 TU, which is 2-3 orders of 
magnitude above natural levels. Because of the increase in tritium levels, tritium can be 
used as an age-dating tool and transient tracer in ground-water studies (Carol Kendall, 
USGS, unpublished Isotope hydrology notes, 1991). 
Three water samples were collected for measurement of the amount of 
chlorofluorocarbons. Chlorofluorocarbons (CFCs), first manufactured in the 1930s, have 
been used as refrigerants, aerosol propellants, cleaning agents, solvents, and blowing 
agents in the production of foam rubber and plastics. CFCs are stable synthetic organic 
compounds that eventually, through use, get released into the atmosphere where their 
catalytic chain reactions may lead to the depletion of the ozone layer (Busenberg and 
Plummer, 1992). Their atmospheric accumulation has increased at a fairly constant rate of 
17 and 10 parts per trillion by volume (pptv) for CFC-12 (dichlorodifluoromethane) and 
CFC-11 (trichlorofluoromethane), respectively, over the last 12 years. Atmospheric 
residence times range from 60 (CFC-11) to 120 (CFC-12) years (Busenberg and Plummer, 
1992). 
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CFCs are also found in the water and have increasingly been used as an age-dating 
and tracing "tool" for water studies since the early 1970s. Water samples are analyzed by 
purge-and-trap gas chromatography with an electron capture detector. CFCs are detectable 
to about one part in 1015 (weight) in water. Amounts of CFCs are reported in picograms 
per kilogram. 
Both Arapien Shale samples and massive gypsum nodules from the shale were 
collected for X-ray diffraction (XRD) analysis to identify the types of minerals present in 
the rock samples. 
Modeling 
To aid in determining the source(s) of ground-water salinity and flow paths in 
southern Juab Valley , the chemical data were used in two geochemical models. SNORM, 
a model by Bodine and Jones ( 1986), processes the chemical data to give a quantitative 
ideal equilibrium assemblage that would crystallize if the water evaporated to dryness at 25 
degrees Celsius and 1 bar pressure under the atmospheric partial pressure of carbon 
dioxide. The second model, NETPATH, developed by Plummer and others (1991), 
investigates all probable net geochemical reactions along a flow path to determine if the 
chemical data from upstream water sample(s) can evolve to the chemistry of a downstream 
sample. The 1991 version ofNETPATH also includes the geochemical model WATEQFP, 
which is a modified version of W ATEQF (Plummer and others, 1976), the ion-association 
model used to calculate the distribution of aqueous species (equilibrium distribution) and 
construct an input file to NETPA TH. The distribution of aqueous species is based on 
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thermodynamic principles, and, as such, does not consider the kinetics of a reaction; i.e., 
WA TEQFP calculates ion activities ( calcium, sodium, bicarbonate, etc.) and mineral 
saturation states (undersaturated or oversaturated), but whether a reaction is taking place 
(calcite precipitating or gypsum dissolving) or the rate of that reaction is not known. For 
example, if the mineral saturation index is greater than zero, then the mineral is 
oversaturated with respect to the solution and is not dissolving, but could be precipitating, 
depending on the kinetics of the reaction. Conversely, if the mineral saturation index is less 
than zero, then the mineral is undersaturated with respect to the solution and is not 
precipitating, but might not be dissolving, again , depending on the kinetics of the chemical 
reaction. 
Results from models and interpretation of those results, in general, should be 
viewed with caution. Models are best used to illuminate trends, such as, trends of increases 
in chemical species in water that indicate probable lithologic sources (SNORM), possible 
geochemical mass-balance reactions between initial and final waters on a hypothesized 
flow path (NETPATH) , and thermodynamically possible mineral precipitation or 
dissolution based on molal concentrations and ion activities (WA TEQFP). 
Salt norm (SNORM) model 
Concentrations of the major cations (sodium, calcium, potassium, and magnesium) 
and major anions (chloride, carbonate, and sulfate) have been input into the computer 
program SNORM created by Bodine and Jones (1986), which is a quantitative chemical-
mineralogical characterization of natural waters. The model calculates the salt norm from 
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the chemical composition of a water sample by proportioning solute concentrations to free-
energy values; observed low-temperature mineral associations are allowed. The simple 
salts calculated in SN ORM usually do not exist in the source rocks. Rather , the simple salts 
are a way of accounting for increasing or decreasing ion values. For example, there may 
be a high magnesium-bearing source rock near a water sample for which SNORM 
calculates high magnesium-bearing simple salts (Peter T. Kolesar, Utah State University, 
written commun., 1994). Salt norms aid in identifying solute sources, and these sources are 
grouped into major-solute categories (meteoric, marine, or diagenetic assemblages) that 
can often be related to principal lithologies . For example, sulfate water reflects the 
dissolution of gypsum or oxidation of reduced sulfur, and high magnesium waters are 
characteristic of water interacting with mafic rocks or marine muds (Bodine and Jones, 
1986). The SNORM data of the southern Juab Valley water samples are, therefore, 
important to compare to the X-ray diffraction data of the Arapien Shale. 
The weight percentages for simple salts given in the SNORM printout, such as 
sodium chloride, magnesium chloride, calcium carbonate, sodium sulfate, and others (any 
possible combination of the major cations and anions), can be used to sort all the samples 
to ascertain where in southern Juab Valley concentrations of any particular ion are the 
greatest. For example, a sort on magnesium chloride can be done for all the water samples 
in southern Juab Valley. The resulting list will give the order from the water sample with 
the lowest weight percentage of magnesium chloride to the water sample with the highest 
weight percentage of magnesium chloride. A water sample with a high weight percentage 
of a particular SNORM-calculated salt could be close to the source that contains the ion of 
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the SNORM salt. The major sources in southern Juab Valley are probably either the 
weathered Arapien Shale, or the weathering products of other rocks, which accumulate as 
salts in the playa areas of Chicken Creek Reservoir. 
NETPATH model 
Plummer and others (1991) have developed computer software, NETPATH , that 
calculates net geochemical mass-balance reactions between initial and final waters along a 
hydrologic flow path . Chemical species data for either one or two initial sites and one final 
site are input into NETPATH and every possible geochemical mass-balance reaction model 
is examined to discern if the designated constraints , phases , and parameters can be met such 
that the initial water(s) could evolve into the final water. Locations of water samples (see 
result s section, figure 9) have been compared with a potentiometric surface map (figure 6) 
to delineate hydrologically probable flow paths across the valley. Initial and final waters 
can then be chosen along a flow path . Areally, iterations performed in NETPATH give 
reinforcing evidence that support s the physical hydraulic properties of ground-water 
movement. 
RESULTS 
Chemical Analyses 
Temperature, pH, specific conductance, 
and calcium-carbonate alkalinity 
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All site locations are illustrated in figure 9 and chemical results are compiled and 
listed in table 1. The temperature range of ground water (16 well samples) in southern Juab 
Valley is from 12 to 15 degrees Celsius( ° C). The temperature range of the five sampled 
springs (also considered ground water) is from 10.5 to 15.5 ° C. The 18 ° C temperature of 
a spring near Little Salt Creek (#22 on figure 9) is probably not indicative of its true 
temperature, as the water sample was carried several miles before temperature was 
measured (the spring is on private property and delivered by the rancher, who did not want 
to divulge the exact location of the spring). The temperaure of Chicken Creek in its upper 
reach was 11.5 ° C on September 10, 1992, and 5 miles west, in its downstream reach , it 
was 15.5 ° Con the same day. The increase is due to air temperature and other physical 
differences; i.e., the upstream reach was measured earlier in the day in a more shady part 
of the canyon at a higher altitude in higher velocity water; the downstream reach was 
measured later, when the air temperature was higher in a sunny location at a lower altitude 
and in low velocity water. 
The hydrogen-ion activity (pH) is related to the effective concentration of H+ and 
OH- ions in water. The pH of southern Juab Valley ground water ranges from 7.1 to 7.9. 
Most ground waters in the United States have a pH range of about 6.0 to 8.5 (Hem, 1992). 
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Figure 9. Areal distribution of water-quality sites in southern Juab Valley study area, Utah. 
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Table 1. Chemical data for selected waters in southern Juab Valley 
Well Qerforation intervals 
Site Well Top of open Bottom of 
number on Altitude depth interval open interval 
Location figure 9 (feet) Type (feet) (feet) (feet) 
(C-14- 1)14cac- 1 1 5,228 well 120 0 0 
(C-14- 1 )22ddc- 1 2 5,182 well 490 160 490 
(D-14- 1)30add- 1 3 5,325 well 312 194 224 
(D-15- 2) 18bab-S 1 4 6,900 spnng 
Chicken Creek 5 6,100 stream 
Chicken Creek 6 5,540 stream 
(D-14- 1)31ada- 1 7 5,367 well 405 215 405 
(C-14 - 1 )36adb- 1 8 5,258 well 359 130 357 
(D-15- 1) 6cab- 1 9 5,252 well 315 120 315 
(C-15 - 1)12aaa- 2 10 5,213 well 405 70 403 
(C-15 - 1) lbaa- 1 11 5,230 well 280 82 275 
(C-15- 1)1 lbaa- 1 12 5,155 well 260 33 50 
60 67 
69 71 
74 82 
104 108 
116 122 
142 148 
172 194 
229 253 
(C-15- l)lOacc- 1 13 5,135 well 350 138 350 
(C-15- l)lObdd- 1 14 5,110 well 140 120 140 
(C-15- 1)16baa- l 15 5,080 well 304 167 180 
185 192 
(C-15- 1)16bad- 1 16 5,070 well 220 165 192 
(C-15- 1) 16bad-Sl 17 5,076 sprmg 
(C- 15- 1)16bda-Sl 18 5,076 spnng 
(C-15- 1)16cdb-Sl 19 5,055 spnng 
(C-15- 1)26adc- 1 20 5,207 well 100 80 100 
(C-15- 1 )35abd- 1 21 5,290 well 340 180 240 
260 340 
(C-15- 1 )36cdc-S 1 22 5,480 sprmg 
(C-16- 1) 3cdd- 1 23 5,355 well 400 270 325 
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Table 1. Chemical data for selected waters in southern Juab Valley -- Continued 
Dissolved Alkalinity 
Specific solids Hardness total 
Site Temperature conduc- concen- (mg/L (mg/L 
number on Date (degrees tance tration as as 
figure 9 sampled (Celsius) pH (µSiem) (mg/L) CaC0 3) CaC0 3) 
1 08-25-93 13.0 7 .5 3,250 1,880 1,200 200 
2 09-02-92 22.5 7.3 6,020 3,980 2,300 256 
3 08-28-92 13.0 7.4 965 623 470 232 
4 08-28-92 15.5 7.4 517 290 280 248 
5 09-10-92 11.5 8.4 445 141 230 226 
6 09-10-92 15.5 8.2 925 593 330 149 
7 08-28-92 12.5 7.3 1,170 806 570 256 
8 09-01-92 12.5 7.7 1,270 851 610 276 
9 08-24-92 13.0 7.1 1,610 1,190 800 252 
10 08-25 -92 13.0 7.5 1,450 1,020 700 230 
11 08-27-92 12.0 7.2 1,140 749 530 286 
12 08-25-92 13.0 7.9 1,490 1,000 690 250 
13 08-26-92 15.0 7.2 1,760 1,140 680 179 
14 08-26-92 12.5 7.3 1,380 929 650 246 
15 09-01-9 2 13.0 7.4 1,640 1,060 630 187 
16 09-01-92 13.5 7.2 1,720 1,100 660 184 
17 09-09-92 10.5 7.4 1,510 1,050 650 262 
18 09-09-92 10.5 7.4 1,530 1,030 650 252 
19 04-12-94 14.5 7.5 4,790 3,180 N.A . 280 
20 09-14-92 14.0 7.6 1,260 787 510 328 
21 09-14-92 15.0 7.5 2,340 1,530 770 272 
22 09-14-92 18.0 8.1 1,260 871 610 254 
23 09-21-92 14.5 7.6 1,860 1,040 700 375 
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Table 1. Chemical data for selected waters in southern Juab Valley -- Continued 
Magne- Potas- Bi car- Chlor- Fluor-
Calcium sium Sodium srnm bonate Sulfate ide ide 
dis- dis- dis- dis- dis- dis- dis- dis-
Site solved solved solved solved solved solved solved solved 
number on (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L 
figure 9 as Ca) as Mg) as Na) as K) as HC0 3) as S0 4) as Cl) as F) 
1 150 190 250 0.7 244 370 670 0.6 
2 260 400 490 6.8 312 1,200 1,400 0.2 
3 110 47 29 2.7 283 220 41 0.2 
4 72 24 5.4 1.2 302 22 6.9 0.1 
5 56 23 11 1.1 276 12 8.6 0.1 
6 68 40 74 1.7 182 200 110 0.2 
7 150 48 40 2.0 312 340 51 0.2 
8 140 63 48 2.9 336 340 60 0.2 
9 200 72 73 2.6 307 490 130 0.1 
10 170 67 57 2.4 280 480 69 0.2 
11 130 50 44 2.1 349 260 56 0.2 
12 170 64 60 2.3 305 420 110 0.2 
13 150 75 110 3.2 218 520 150 0.2 
14 160 60 55 2.2 300 400 80 0.2 
15 130 74 110 4.0 228 490 120 0.3 
16 140 76 110 3.8 224 480 160 0.2 
17 150 68 95 4.9 319 440 100 0.2 
18 150 66 100 4.9 307 430 100 0.3 
19 340 220 410 5.5 341 1,200 800 0.3 
20 85 73 87 2.4 400 160 150 0.3 
21 160 89 240 4.7 332 530 320 0.3 
22 86 97 54 4.0 310 370 80 0.4 
23 98 110 99 3.1 457 280 200 0.2 
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Table 1. Chemical data for selected waters in southern Juab Valley -- Continued 
Silica Nitrogen Phos- Mang a- Sele-
dis- N0 2+N03, phorus Iron nese Bromide Boron mum 
solved dis- dis- dis- dis- dis- dis- dis-
Site solved solved solved solved solved solved solved solved 
number on (mg/L (mg/L (mg/L (µg/L (µg/L (mg/L (mg/L (µg/L 
figure 9 as Si0 2 as N) as P) as Fe) as Mn) as Br) as B) as Se) 
1 35 21 0.03 <10 20 1.8 230 38 
2 48 5.0 0.02 <10 10 3.3 420 62 
3 18 3.3 0.02 5 <1 0.06 80 <1 
4 8.5 0.21 <.01 3 <1 0.02 <10 <1 
5 9.0 1.1 <.01 3 2 <.01 20 <1 
6 9.0 0.11 <.01 9 <1 0.02 60 <1 
7 14 1.7 0.02 6 <l 0.06 90 <l 
8 18 2.9 <.01 3 <1 0.07 90 <1 
9 15 14 <.01 13 2 0.21 90 4 
10 17 4.4 0.01 7 <l 0.09 90 1 
11 15 4.5 <.01 9 <1 0.06 70 l 
12 15 2.8 <.01 4 <1 0.09 80 2 
13 20 0.29 <.01 6 <1 0.05 90 <l 
14 15 2.0 <.01 40 3 0.08 90 3 
15 23 0.26 <.01 8 <1 0.06 120 <l 
16 22 0.20 <.01 12 1 0.06 90 <l 
17 18 3.1 <.01 <3 <1 0.22 160 3 
18 18 3.1 <.01 <3 <l 0.12 160 3 
19 22 2.1 0.02 60 20 0.44 240 3 
20 17 3.4 0.01 32 <l 0.11 150 2 
21 16 1.7 <.01 10 20 0.13 200 2 
22 27 <.05 <.01 4 <1 0.15 90 <1 
23 29 N.A. N.A . 8 8 0.33 90 <l 
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Table 1. Chemical data for selected waters in southern Juab Valley -- Continued 
Site Delta Delta Delta Tritium Chlorofluorocarbons 
number on Deuterium Oxygen-18 Sulfur-34 (Tritium 11 12 13 
figure 9 (per mil) (per mil) (per mil) units*) (picograms/kilogram) 
1 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 
2 -123.0 -15.91 N.A. N.A. N.A. N.A. N.A. 
3 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 
4 -127.0 -16.69 7.45 N.A. N.A. N.A. N.A. 
5 -120.0 -15.84 N.A. N.A. N.A. N.A. N.A. 
6 -119.0 -15 .35 13.1 N.A. 1,313.6 691.6 150.0 
1,342.5 916.9 291.0 
1,947.6 873.3 226.9 
7 N.A. N.A . N.A. N.A. N.A. N.A. N.A. 
8 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 
9 -122.0 -15.68 N.A. N.A. N.A. N.A . N.A. 
10 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 
11 -120.0 -15.85 14.6 N.A. N.A. N.A. N.A. 
12 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 
13 -124.0 -16.27 N.A . N.A. N.A. N.A. N.A. 
14 -122.0 -16.09 N.A. N.A . N.A. N.A. N.A. 
15 -125.0 -16.35 N.A. N.A. N.A. N.A. N.A. 
16 -125.0 -16.31 15.9 N.A. 809.7 401.0 128.9 
17 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 
18 -123.0 -15.87 14.5 12.8±0.5 512.5 286.0 81.4 
19 -120 .0 -15.79 N.A. 6.2±0.6 N.A. N.A. N.A. 
20 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 
21 -119.0 -15.54 N.A. N.A N.A. N.A. N.A. 
22 -123.0 -15.79 N.A. N.A. N.A. N.A. N.A. 
23 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 
Rock sample (Arapien Shale) 17.4 
* 1 tritium unit (TU)= 3.2 picocurie s/liter of water= 1 tritium atom/10 18 atoms of 
hydrogen (not water molecules). 
N.A. = Not analyzed. 
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The pH of southern Juab Valley springs ranges from 7.4 to 7.5, with a pH of 8.1 at the 
spring near Little Salt Creek on private property (site #22). Surface water in Chicken Creek 
had a pH of 8.4 in the upper reach (#5) and 8.2 in the lower reach (#6). Theoretically, if 
two waters have the same hydrogen-ion activity, a temperature increase would cause a pH 
decrease. However, the hydrogen-ion activity is variable in natural waters due to the 
chemistry of the substrates the water moves through (rocks, soil, etc. dissolving into the 
water), which causes interrelated chemical reactions in the water that produce or consume 
hydrogen ions and change the pH (Hem, 1992). 
In general, all of the water sampled is slightly alkaline and chemical reaction s are 
taking place in mainly a bicarbonate-dominated system (figure 8). The activity of 
dissolved carbon dioxide in water is proportional to the pressure (fugacity) of C0 2 in the 
gas phase; thus, for every partial pressure of C0 2 (Pco2), there is a corresponding actvity 
of the dissolved carbon dioxide in water (aH2c 03 ) (Drever , 1988). As pH (between 6.5 and 
8.5) increases (becomes more alkaline), the dissolved carbon-dioxide content decreases 
(log Pco2 will become more negative); conversely, lower pH corresponds to water more 
enriched with C0 2 (less negative log Pco2) (Drever, 1988, p. 61, figure 4-4). This pH-log 
Pco2 relationship holds true with the water samples in southern Juab Valley, where the 
samples with the highest pH values (8.4 and 8.2 for Chicken Creek) had the most negative 
log Pco 2 values and the samples with lowest pH values (7.1 at site #9 and 7.2 at #11) had 
the least negative log Pco2 values. The WA TEQFP part of the NETPA TH modeling 
software calculated log Pco2 ( =log( aH2coiKco 2)) for southern Juab Valley water samples, 
giving a range of -1.73 (#9) to -2.29 (#8) for the ground water, -1.99 (#4) to -2.71 (#22) for 
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springs, and -3.04 (#6) and -3.07 (#5) for the two Chicken Creek samples. Atmospheric 
log Pco2 is about -3.5. W ATEQFP also calculated the saturation indices (=log (IAP/KT) 
(appendix B) , i.e., the logarithm of the ratio of the activity product (AP) to the equilibrium 
constant (KT) for calcite (CaC0 3). Calculated saturation indices range from -0.130 to 
0.904. Thus, the ground water is just barely undersaturated to slightly supersaturated with 
respect to calcite. 
Ground-water specific conductances normally ranged from 965 to 1,860 
microSiemens per centimeter (~LS/cm) (table 1). Several samples that had higher 
conductances were at the southeast end of the valley (site #21 ), and near Interstate 15 
northwest of Levan (sites #1 and #2). The conductance of spring samples ranged from a 
high of 4,790 µSiem at Palmer Spring east of Chicken Creek Reservoir, to a low of 517 
µSiem at Cobblerock Spring in the upper reach of Chicken Creek canyon. Surface-water 
conductances on Chicken Creek were 445 µSiem in the upper reach (#5) and 925 µSiem in 
the lower reach (#6) . The major ions responsible for all conductances were calcium, 
magnesium, sodium, bicarbonate, sulfate, and chloride. The surface-water samples had the 
lowest conductance of all samples, probably because of a shorter residence time; i.e., the 
upper reach of Chicken Creek was the previous season's snowme lt and the lower reach was 
base flow (shallow bank-storage water that returns to the stream in late summer) comingled 
with some of the upper reach water as it flows down the canyon . The two highest 
conductance measurements (#2 and #19) probably represent water from two different 
sources based on their ion chemistry, which will be discussed more below. 
There was not much distinction between ground- and surface-water alkalinity 
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measurements. The range was 149 mg/Lat Chicken Creek (lower reach, site #6) to 375 
mg/L near the southeast end of southern Juab Valley (site #23) . The majority of the 
samples had alkalinities in the rnid-200 mg/L range. 
Major ions, nutrients of nitrate plus 
nitrite and phosphorus, trace metals, 
and herbicides 
For the major cations, dissolved calcium ranged from a low of 56 mg/Lin the upper 
reach of Chicken Creek (#5, figure 9) to a high of 340 mg/Lat Palmer Spring east of 
Chicken Creek Reservoir (#19). The majority of samples had dissolved calcium 
concentrations of 130 to 170 mg/L . Dissolved magnesium also had a low at site #5 of 23 
mg/Land a high of 400 mg/Lat the coal depot (site #2) near Interstate 15. Dissolved 
magnesium concentrations for the majority of the samp les were less than 100 mg/L. 
Dissolved sodium concentrations varied from 5.4 mg/Lat CobbJerock Spring (#4) to 490 
mg/Lat the coal depot (#2), but the majority ranged from 29 to 110 mg/L . Two wells (#2 
and #21) that had concentrations of about 250 mg/Land the sample at Palmer Spring (#19) 
had a high concentration of 410 mg/L . Dissolved potassium concentrations ranged from 
0.7 mg/Lat site #1, a well northwest of Levan near Interstate 15, to 5.5 mg/Lat Palmer 
Spring (#19) and 6.8 mg/Lat the coal depot well (#2). The majority of samples had 
dissolved potassium concentrations between 1.0 and 4.0 mg/L. 
For the major anions, bicarbonate values ranged from 182 mg/L at the lower reach 
of Chicken Creek (#6) to 457 at a well in the southeast part of the valley (#23). Most of the 
samples had bicarbonate concentrations that ranged from mid 200 to low 300 mg/L. The 
47 
lowest dissolved sulfate concentration was 12 mg/L from the upper reach of Chicken Creek 
(#5) and the highest was 1,200 mg/Lat both Palmer Spring (#19) and the coal depot (#2). 
Most of the sulfate concentrations ranged from mid 300 to low 500 mg/L. Dissolved 
chloride concentrations ranged from 6.9 mg/Lat Cobblerock Spring (#4) to 1,400 mg/Lat 
the coal depot well (#2). The majority of samples had chloride concentrations from 40 to 
300 mg/L, with two additional high values of 670 mg/Lat a well (#1) north of the coal 
depot well and 800 mg/Lat Palmer Spring (#19). Dissolved fluoride concentrations were 
minor, with the largest measurement of 0.6 mg/Lat site #1 near Interstate 15 northwest of 
Levan. 
Dissolved silica concentrations ranged from 8.5 mg/Lat Cobblerock Spring (#4) to 
48 mg/Lat the coal depot well (#2). The majority of samples had silica concentrations that 
ranged between 15 and 30 mg/L. Nutrient concentrations of dissolved nitrogen (N0 2 + 
N0 3) ranged from less than 0.05 mg/Lat site #22, a spring, to 21 mg/Lat well #1. In 
general, most of the samples contained less than 5.0 mg/L of dissolved nitrogen. Dissolved 
phosphorus concentrations in the water samples were very minor and always less than 
0.04 mg/L. Dissolved iron concentrations ranged from less than or equal to 3 micrograms 
per liter (µg/L) at several sites (#17, #18 , #4, #5, and #8) up to 40 µg/L at site #14 , a mid 
valley well, and 60 µg/L at Palmer Spring (#19) . Dissolved manganese concentrations 
were almost always less than 1 µg/L (14 water samples); however, three samples did have 
concentrations of 20 µg/L (#1, 19, and 21). Dissolved bromide concentrations were less 
than or equal to 0.44 mg/Lin all but two samples, #1 and #2 , which contained 1.8 and 3.3 
mg/L, respectively. The dissolved boron concentrations ranged from a low of less than 10 
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mg/Lat Cobblerock Spring (#4) to a high of 420 mg/Lat the coal depot well (#2). 
However, the majority of samples ranged from 90 to 200 mg/L of dissolved boron . Trace 
amounts of dissolved selenium were found in the water, with 13 samples having less than 
or equal to 1 µg/L. Eight water samples had trace amounts of dissolved selenium from 2 
to 4 µg/L , and two samples contained 38 µg/L (#1) and 62 µg/L (#2). 
A Piper diagram (figure 10) illustrates where the major-ion type waters plot in 
relation to each other. The trilinear cation diagram (lower left) has a fairly tight grouping 
near the center, but slightly enriched in calcium. The trilinear anion diagram (lower right) 
has a more dispersed grouping, but trends toward sulfate and chloride enrichment. Separate 
Piper diagrams for wells, springs, and stream samples are in appendix D. 
A map of southern Juab Valley with selected Stiff chemical diagram s (figure 11) 
illustrates major ion concentrations along the main flow path. The Stiff diagrams used 
begin with site #4, Cobblerock Spring up Chicken Creek Canyon, and are followed by ion 
concentrations for sites #5 , #6, #7, #8 , #12, #18, and #19. It is evident from the diagrams 
that sulfate concentrations increase downstream . Also, total ion concentrations increase 
downstream as illustrated by the diagrams for sites #7, #8, #12, #18, and #19. Stiff 
diagrams for all of the water-quality sites are in appendix E. 
To locate evidence of recirculation of irrigation water, water samples were analyzed 
for two locally used herbicides, triazine and 2,4-D . Unfortunately, sample bottles with 
identification (site #s) were discarded during a lab clean-up before data could be correlated 
to each site. However, only one water sample had 1.1 part per billion (ppb) triazine and the 
remainder were all less than 0.7 ppb. Another sample had 0.8 ppb 2,4-D and the remainder 
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were less than 0.5 ppb. For perspective, the human health advisory level is 3 ppb for 
atrazine in drinking water and 70 ppb for 2,4-D (Ed Stearns, Environmental Protection 
Agency , oral commun., 1995). After discussion with others who routinely performed this 
type of screening (Rick Puchta, US Geological Survey, oral commun., 1992), it was felt 
that the two detected levels of herbicides were too low to be used as support of the theory 
that one of the sources of salinity of water in southern Juab Valley was due to recirculation 
of irrigation water. In fact, the very low levels of herbicide suggest that recirculation of 
iITigation water is not a salinity source. 
Values for stable isotopes, tritium, 
and chlorofluorocarbons 
Stable isotope s of oxygen-18 and deuterium were determined for 14 water sample s, 
including 8 ground-water wells , 4 springs, and 2 surface-water samples. Stable isotope 
sampling was done in the late summer of 1992 and 1993, with the exception of Palmer 
Spring , which was sampled in April 1994. Delta oxygen-18 ( b 180) values ranged from 
-16.69 o/oo at Cobblerock Spring (#4) to -15.35 o/oo at the lower reach of Chicken Creek 
(#6). Delta deuterium ( b D) values ranged from -127 o/oo at Cobblerock Spring (#4) to 
-119 o/oo at the lower reach of Chicken Creek (#6) and at a well (#21) near the 
southeastern end of the valley. The precisions (±1 a) of the oxygen and hydrogen isotope 
results are 0.05 oloo and 1.5 0 / 00, respectively (L. Doug White and Carol Kendall, written 
commun., 1993). 
Sulfur-34 analysis at five water sites along the proposed major flow path (figures 6 
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and 9) gave 8 34S determinations of 7.45 o/oo for Cobblerock Spring (#4) at the beginning 
of the flowpath, 13.1 o/oo for Chicken Creek (#6) at the mouth of the canyon, 14.6 o/oo for 
a mid valley well (#11), 14.5 o/oo for a spring (#18) near Chicken Creek Reservoir, and 
15.9 o/oo for a flowing well (#16) near Chicken Creek Reservoir. The delta sulfur-34 
( 8 34S) for the Arapien Shale rock sample was 17.4 0/00, which fits into the 15-19 o/oo 
range for Middle Jurassic evaporites. The analytical uncertainty of the 8 34S 
determinations is ±0 .15 o/oo (Rebecca Carmody , U.S. Geological Survey , written 
commun., 1994). 
Tritium (3H) analysis was done on two water samples (#18 and #19). The tritium 
concentration in the spring just north of Chicken Creek Reservoir (#18) was 12.8 ±0 .5 TU; 
the concentration was 6.2 ±0.6 TU in Palmer Spring (#19) to the east of the reservoir. 
Chlorofluorocarbon (CFC- 11, CFC-12, and CFC-13) determinations were made for 
three water sample s. Sampling procedure involved sealing the glass tubes to avoid air 
contamination of the water samples. Numerous attempts were made at the three sites to 
successfully seal the glass tubes (three tubes were needed from each site). Several of the 
tubes evidently did not have a good seal and air contamination resulted in modem-day 
determinations. All three samples taken at Chicken Creek near the mouth of the canyon 
(site #6) appear to have been contaminated (all three tubes were analyzed), as did the three 
samples from the flowing well just north of Chicken Creek Reservoir (#16) ( only one tube 
was analyzed). One of the glass tubes from a spring near Chicken Creek Reservoir (#18) 
was sufficiently sealed and resulted in dates of 1980 (CFC-11) and 1987 (CFC-12). 
Mineralogy of the Arapien Shale: X-ray 
diffraction data 
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X-ray diffraction (XRD) analysis was performed on three samples from the Middle 
Jurassic Arapien Shale Formation (appendix F). One sample was a massive white gypsum 
nodule embedded in the Arapien Shale. The other samples of Arapien Shale are medium 
gray weathering to tan and exhibit flaggy (beds less than 2 inches) bedding. Grains are not 
distinguishable in the shale, are probably silt size, and the texture is more powdery than 
gritty, thus, it could be a clays tone . These latter samples are typical of the country rock 
found in the lower half of Chicken Creek Canyon . Two of the samples (a piece of Arapien 
Shale and the gypsum nodule) were collected on the north bank of Chicken Creek near 
water collection site #6 and the third sample (Arapien Shale) was collected at site #22. 
The Arapien Shale and gypsum were run as random mounts for XRD. The random 
mounts were ground material that had passed a 115-mesh sieve and was collected on glass 
plates coated with (Vaseline) petroleum jelly. Random mounts are best used to identify 
single minerals, as there is an overlapping of similar 28 values for different minerals and 
it is hard to distinguish them in XRD analysis (Moore and Reynolds, 1989). However, 
random mounts allow for better control and viewing of the relative peak intensities (Starkey 
and others , 1984; Peter Kolesar , Utah State University, oral commun. , 1996). A slurry , 
which was used to produce an oriented sample (preferred orientation of platy minerals, like 
clays, parallel to the glass plate), was prepared by mixing <0.124 millimeter (mm) material 
with water. A small amount of the slurry was deposited on the glass plate and allowed to 
air dry before XRD analysis. For another of the XRD samples, the Arapien Shale was 
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treated with 10% hydrochloric (HCl) acid to obtain the insoluble residue, and this sample 
was also run as an oriented sample (Peter T. Kolesar, Utah State University, written 
commun ., 1996). 
To better determine what type of clay was present in the Arapien Shale (Starkey and 
others , 1984 ), the shale sample was treated with ethylene glycol vapor at 65 ° C for 4 hours. 
If the clay was smectite, the characteristic XRD pattern, which includes a peak at about 6 ° 
2 8, would show a 5 ° 2 8 peak after glycolation (i.e., the ethylene glycol expands the clay 
structure). The shale sample had a 6° 28 peak , but did not expand to a 5° 28 peak after 
ethylene glycol treatment. The sample was then heated to 550 ° C for about an hour to 
determine if a peak at about 12.4 ° 2 8 disappears. Kaolinite , with a characteristic XRD 
peak at about 12.4 ° 2 8 , has a crystal structure that would be destroy ed by the high heat. 
However , the heat did not extingui sh the 12.4 ° 28 peak. Thus , smectite and kaolinite clays 
can be ruled out, and it was determined that the clay is chlorite , which has both a 6 ° and a 
12.4 ° 28 peak. 
Utilizing Chen ( 1977), the XRD qualitative analysis showed that the white nodule 
consists of gypsum (CaS0 4•H20) , possibly quartz (Si0 2) , and possibly calcite (CaC0 3). 
The shale consists of calcite, chlorite ([Mg,Feh[Si,Al] 40 10[0Hh), dolomite 
(CaMg[C0 3h), feldspar (possibly K-spar , KA1Si30 8) , illite (general formula: 
[Alx,Mgx]Si40 10[0Hh) , and quartz. 
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Modeling 
Salt norm (SNORM) model 
SNORM software (Bodine and Jones, 1986) was used to analyze water samples 
from southern Juab Valley. In the simple salts calculated by SNORM (appendix G), all of 
the 23 water samples contain calcium sulfate (CaS0 4) and sodium chloride (Na2Cl2). In 
17 of the samples, CaS0 4 salt predominates. In 3 samples (sites # 1, #2, and #21 ), N a2Cl2 
salts predominate. In samples #4 and #5, CaC0 3 salt predominates. In sample #20 , 
MgC0 3 salt predominates. 
The mid valley wells contained the highest amounts of calcium sulfate. The water 
in wells (#1 and #2) on the northwest side of the valley contained magnesium chloride. 
Sites along the San Pitch Mountains contained the highest weight percentage of magnesium 
carbonate, and, in general, sites along the northwest side of the valley and near the southern 
end contained the highest weight percentage of sodium chloride. 
NETPATH model 
NETP ATH modeling is limited by the accuracy of the chemical data and a 
modeler 's ability to choose probable flow paths. The accuracy is influenced by sampling 
and analysis of the water samples , and is affected by any discrepancies between the 
measured and true chemical compositions. Because the true chemical compositions are 
unknown , the accuracy is also largely unknown. Models #2 and #3 (appendix H) gave 
some evidence to confirm the proposed main flow path (figure 6). 
The sulfur-34 isotopic data combined with the chemical data from sites #11 and #16 
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gave the most convincing evidence for the proposed main flow path (see model #1 in 
appendix H), and provided the link between the dissolved calcium sulfate in the water and 
the gypsum in the Arapien Shale. Site #11 is a mid valley well on the proposed flow path 
and # 16 is a flowing well just north of Chicken Creek Reservoir near the end of the flow 
path. For this model to work, water from site #11 (upgradient) was reacting with minerals 
in basin-fill deposits along the proposed main flow path and creating water sampled at site 
#16 (downgradient). Ion concentrations for the two sites and applicable mineral phases 
were input to constrain the model calculations. The ion constraints were sulfur 
(representing sulfate concentrations) , calcium , sodium , and chloride . The associated 
mineral phases were calcite , gypsum , and halite . In addition to the chemical and mineral 
data , sulfur-34 isotopic ratio data for the initial and final sites and the gypsum in the 
Arapien Shale were entered . From these data , the model calculated that there were 2.298 
millimole s per liter (mmol/L) of gypsum dissolving, 2.938 mmol/L of halite dissolving , 
and 2.079 mmol/L of calcite precipitating as the water moved from site #11 to site #16. 
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DISCUSSION 
A mass balance equation with the dissolved sulfate concentrations from #11 and 
#16 and their sulfur-34 isotopic ratios gives a change in sulfate concentration ( '1. sulfate = 
2.298 mrnol/L) that confirms the calculated quantity of dissolved gypsum (2.298 mrnol/L) 
the NETPATH model calculated (see model #1 in appendix H). The computed sulfur-34 
ratio (15.884 0/00) for site #16 is also very close to the measured ("observed") value 
(15.900 0/00). The U.S. Geological Survey isotope lab reported 15.9 0/00, but it is possible 
that this is a rounded number. The mass balance equation (Plummer and others, 1991) and 
chemical values are: 
~ sulfate = the change in sulfate concentration (2.298 mrnol/L) in water 
from the upgradient to the downgradient wells 
= 3 34S ratio for water (15.9 0/00) in the downgradient well 
= sulfate concentration (5.003 mrnol/L) in the downgradient well 
= 8 34s ratio for water (14.6 0/00) in the upgradient well 
Ci = sulfate concentration (2.709 mmol/L) in the upgradient well 
34 34 8 Srock = 8 S ratio of the gypsum in the Arapien shale (17.4 o/oo) 
In general, the models confirm that geochemical reactions along the proposed main 
flow path from Chick en Creek in the San Pitch Mountains to Chicken Creek Reservoir in 
the southwest end of southern Juab Valley involve the dissolution of gypsum and halite and 
the preciptation of calcite. This is consistent with saturation indices for these minerals 
(appendix B) and is illustrated in the graphs of major ions (appendix C). 
To illustrate the ion relationships, such as any enrichment of certain major ions 
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relative to other major ions, graphs were generated for amounts (millimoles per liter, 
mM/L) of chloride versus sulfate, bicarbonate versus chloride, bicarbonate versus sulfate, 
sodium versus chloride, magnesium versus chloride, calcium versus sulfate, and sodium 
versus sulfate (appendix C). Enrichment of one major ion over another could indicate that 
another source of water or mineral that contains the enriched ion is contributing to the water 
at the site (see, for example, the upper right-hand side of the sodium-chloride graph where 
two sites are slightly enriched in chloride relative to sodium, or the lower left where two 
sites are slightly enriched in sodium relative to chloride). In the anion-anion graphs , 
enrichment of one anion over another can mean that there is a larger abundance of a mineral 
containing the enriched anion (reference the chloride-sulfate graph where 65% of the sites 
are enriched in sulfate over chloride, probably illustrating larger amounts of gypsum 
relative to halite dissolved in the water). Often several nearby sites group together on the 
graph. Also, trends can be illustrated, such as a general enrichment of one ion relative to 
another along a proposed flow path. In the bicarbonate-chloride graph, most bicarbonate 
values range between 3 and 6 mM/L, but chloride values generally increase along the main 
flow path from 0.2 mM/L upgradient to 6 mM/L downgradient. In the bicarbonate-sulfate 
graph, the sulfate values (about 0.1 mM/L upgradient to 6 mM/L downgradient) show a 
progressive enrichment relative to bicarbonate. In the magnesium-chloride graph, there is 
a slight trend toward chloride enrichment (almost 1 :3), which suggests there are different 
minerals containing chloride contributing to the water chemistry. In the calcium-sulfate 
graph, there is a general trend toward sulfate enrichment, possibly illustrating that gypsum 
may be dissolving and the calcium ions are precipitating out as calcite, leaving the water 
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enriched in sulfate (also see appendix B, Mineral Saturation Indices, for calcite, which aids 
this assumption). 
Bromide (Br) is a fairly nonreactive element and the ratios of bromide to chloride 
(Cl) (table 2), another fairly conservative element, were calculated to aid in distinguishing 
whether ground water in the valley came from deeper sources or from meteoric sources. 
Older, connate water (pore water trapped in interstices during sediment deposition prior to 
lithification), which is usually deeper-derived, has a Br/Cl ratio greater than about 0.003, 
whereas meteoric-derived waters (from precipitation) often have ratios less than 0.003. 
The connate waters are often concentrated brines that have precipitated sodium chloride 
(NaCl). Bromide is accepted only to a minor extent in the NaCl crystal lattice and, there-
fore, becomes concentrated in the residual brine water (White and others, 1963). Water 
with Br/Cl ratios less than about 0.003 is often indicative of meteoric water that became 
enriched in chloride relative to Br as it flowed through evaporite deposits after recharging 
the ground-water system (White and others, 1963). The Br/Cl ratios assisted in determin-
ing whether water from Palmer Spring (#19) came from a deep or shallow source. The 
Br/Cl ratio was 0.00055, which falls in the same range as the other mid valley wells along 
the proposed main flow path (figures 6 and 9). However, two wells (sites #1 and #2) along 
the west side of the valley had ratios close to 0.003, indicating that the increase in chloride 
is not caused by dissolution of halite. It is suspected that a deeper source of water (possibly 
residual sea water that is highly evaporated) may be moving up along an inferred fault ad-
jacent to West Hills and mixing with more recent meteoric water. Cobblerock Spring (#4) 
has very low amounts of both bromide and chloride, and the resulting Br/Cl ratio is higher 
60 
than Chicken Creek (#5 and #6) due to increasing amounts of halite (chloride source) dis-
solving as the water moves down canyon through the Arapien Shale. Samples were taken 
during the late summer, when surface water in the lower canyon is mainly base flow (bank 
storage discharging/seeping into the stream). If samples were taken during snowmelt run-
off in the spring, the Br/Cl of sites #5 and #6 would probably be closer to Cobblerock 
Spring (#4). 
The plot (figure 12) of delta deuterium ( o/oo) versus delta oxygen-18 ( o/oo) shows 
that all samples are below the global meteoric water line (GMWL) (Craig, 1961). This is 
common for water from more arid areas of the western United States (Coplen, 1993, p. 235, 
figure 10-5). Generally, DD and <5 180 values of waters from higher altitudes are less en-
riched (values are more negative), and waters originating from the same recharge source 
should have similar DD and b 180 values (Coplen, 1993). Water samples from southern 
Juab Valley all have similar values, suggesting that there is one major recharge source for 
the valley: the San Pitch Mountains on the east side of the valley. 
Table 2. Bromide to chloride ratios ([Br/Cl]) x 10-3) 
Site number Br/Cl Site number Br/Cl Site number Br/Cl 
on figure 9 ratio on figure 9 ratio on figure 9 ratio 
1 2.69 9 1.62 17 0.22 
2 2.36 10 1.30 18 0.12 
3 1.46 11 1.07 19 0.55 
4 2.90 12 0.82 20 0.73 
5 <1.00 13 0.33 21 0.41 
6 0.18 14 1.00 22 1.88 
7 1.18 15 0.50 23 1.65 
8 1.17 16 0.38 
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No stable isotope sample was taken from the well northwest of Levan near 1-15 
(#1), and the coal depot well's (#2) stable isotope values do not seem anomalous relative 
to other valley wells. As was discussed above, the Br/Cl ratios indicate these two wells may 
have a deeper water source. As no one piece of chemical data can be used alone in 
determining the source, it is difficult to show whether sites #1 and #2 are receiving recharge 
water mainly from the San Pitch Mountains. The water at sites #1 and #2 may come both 
from the San Pitch Mountains and from a deeper source derived from the inferred fault 
along the West Hills. Unfortunately, there is insufficient evidence to determine the relative 
proportions of both sources , or why the 8 D and 8 180 values for site #2 remain similar to 
other valley wells. There are only ephemeral streams in the West Hills because the altitude 
is lower and, as a result, the snowpack is less. Thus, sites# l and #2 should receive minimal 
recharge from the West Hills. 
Best-fit lines through the well and spring data (figure 12) show that there is 
possibly some evaporation occurring in the valley (Coplen, 1993, p. 235, figure 10-5). 
Sites #19 (Palmer Spring) and #21 (a well near the southeast end of the valley) have 
elevated dissolved solids, high chloride, and slight ly enriched deuterium concentrations 
(table 1), which indicate the water may have undergone some amount of evaporation. 
Water at sites #11 , #5, and #6 also has slightly enriched deuterium concentrations. 
However, the total spread of deuterium measurements (-119 to -127 0/00, with± 1 cr of 1.5 
o/oo) is very small. It is more likely that the lack of any significantly enriched deuterium 
measurements points to mineral dissolution as the main cause of high dissolved solids in 
most of the samples (excluding sites #1 and #2, where the Br/Cl ratios indicate the possible 
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mixing of evaporated connate water [residual sea water] with more recent recharge water) 
coupled with some evaporation in samples #11, #5, #6, #19, and #21. 
Cobblerock Spring flows out of conglomerate of the Indianola Group and is 
recently recharged snowmelt. The 8 34S of 7.45 o/oo for the spring is typical of 
precipitation that has traversed areas where coal-fired plants are operating (Rebecca 
Carmody, U.S. Geological Survey, oral commun. , 1994). The 8 34S values of sites #6, #11, 
#16, and #18 fall between the 7.45 o/oo value for Cobblerock Spring and the 17.4 o/oo 
value for the Arapien Shale. This is strong evidence indicating that the proposed main flow 
path (figure 6) across the valley is indeed probable , and that the major source of ground-
water salinity is the Arapien Shale (as mixing of the two sulfur-34 isotope concentrations 
would produce waters with intermediate sulfur-34 concentrations) when recent recharge 
water (Cobblerock Spring) comes into contact with the Arapien Shale . 
Sites #18 and #16 (spring and flowing well near Chicken Creek Reservoir) are 
within a 1/4 mile of each other , and their sulfur-34 compositions have a greater variance 
than sites #18 and #11, which are farther apart. It is hypothesized that the 15.9 o/oo sulfur-
34 composition of the flowing well (site# 16) is indicative of a deeper flow path and, thus, 
a longer contact time with the basin-fill material (decomposed Arapien Shale), and that the 
spring water (#18) is derived from a more shallow, shorter flow path . The flowing well 
(#16) is 220 ft deep and is perforated from 165 to 192 ft (table 1). More evidence of the 
spring's (#18) shallow flow path is discussed below in the results of tritium and 
chlorofluorocarbon measurements. 
Since about 1963, tritium concentrations in precipitation have declined. Prior to the 
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thermonuclear testing in the 1950s through early 1960s, the tritium concentrations were 
also low. Pre-bomb water has decayed to zero TU for several decades now and post-bomb 
water decayed to a range of about 10-15 TU in 1994 and in 1996 is about 8-10 TU. The 
12.8 TU determination for site #18 could either be young (post-bomb) water or a mixture 
of young and old (pre-bomb) water. It is hypothesized that #18 is a young water , based on 
CFC data (discussed below) and the 8 34s data . The 6.2 TU determination of Palmer 
Spring (#19) is a bit lower than the current range (8-10 TU), but it is interpreted as a mixture 
of possibly a minor amount of old and mostly young water. This interpretation is supported 
by SNORM diagnostic salt minerals: minor kieserite (MgS0 4•H20) for the connate 
component and major indirite (Mg2B60 11•15H20), which are indicative ofrecent playa and 
spring deposits (see SNORM discussion below). 
Palmer Spring has a high specific conductance, 4,790 µSiem, which is about three 
times higher than the average specific conductance of the nearby flowing wells (#15 and 
#16) and springs (#17 and #18). However, Br/Cl ratios are in the same range, 0.00012 to 
0.00055 (table 2), indicating no significant brine (connate) source. 
The U.S. Geological Survey discharge measurement for Palmer Spring was 1.0 
cubic-foot/second (ft3/s) (720 acre-ft/year) in April 1994. Unfortunately, no historical 
written records of Palmer Spring discharge could be located. However, a long-term 
resident of the valley, who used to work for the U.S. Soil Conservation Service and made 
annual discharge measurements on Palmer Spring, stated that, no matter how much of a 
drought the area was experiencing, the spring always had a fairly large, constant discharge 
from year to year (Golden Mangelson, oral commun., 1996). 
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The tritium concentration (6.2 TU), higher specific conductance, SN ORM results, 
and large , constant discharge information, suggest that water flowing from Palmer Spring 
traverses a deeper path across the valley, remaining largely unaffected by short-term, year-
to-year fluctuations in recharge. The path is deeper (possibly an intermediate flow zone as 
defined by Chebotarev, 1955) than that of the nearby springs (#17 and #18) and flowing 
well s (#15 and #16). 
The interpretation of the chlorofluorocarbon dates from the two samples taken from 
a spring near Chicken Creek Reservoir (#18) is that the water entered the ground sometime 
between 1980 and 1987. It is hypothesized from the potentiometric surface in the valley 
(figure 6), the CFCs, and the ion and isotope chemical data , that the water discharging at 
this spring (#18) is following a shallow ground-water flow path from the San Pitch 
Mountains (see hypothesized main flow path - figure 6). The chlorofluorocarbons show 
that the water is moving relatively fast; i.e., it has traversed a distance of almost 10 miles 
in a 6- to 12-year period (8,800 ft/year to 4,400 ft/year ground-water flow velocity). 
The SNORM-calculated simple salts are quantitatively equivalent to salt-solute 
concentrations in water. Thus, the high calcium sulfate is an indication of the dissolution 
of gypsum, which is present in large amounts in the basin-fill deposits. Palmer Spring 
(# 19) has a high weight percent of sodium chloride and calcium sulfate, which is indicative 
of dissolving evaporite salts. The increased amount of sodium chloride could signify that 
the evaporite salts are corning from a playa (Blair Jones, U.S. Geological Survey, oral 
commun., 1995). 
Other evidence for dissolution of playa salts at Palmer Springs shows up in the 
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normative salt assemblage, which lists almost 25% of the salt norm to be the mineral 
indirite. Indirite is common in recent playa and spring deposits (Bodine and Jones, 1986, 
p. 19). However, in addition to the diagnostic mineral indirite, the normative salt 
assemblage also contains about 5.2% of the mineral kieserite, which in a proportion of 
about 6% in a salt norm is diagnostic of a marine-connate origin (Bodine and Jones, 1986, 
p. 37, figure 4) . This evidence suggests a deeper flow path (not as deep as water from sites 
#1 and #2 based on the Br/Cl ratios), and is interpreted as water moving across the valley, 
possibly parallel to the hypothe sized main flow path (based on the potentiometric surface) 
but at a deeper level that is influenced by the inferred fault along the west side of the valley. 
The water possibly may mix with some connate water as it travels upward, and is dissolving 
playa salts near Chicken Creek Reservoir in the lowest part of southern Juab Valley. 
Samples at sites #1 and #2 on the west side of the valley have high amounts of 
MgCl, which is diagnostic of marine sources, as sea water-type norms are particularly 
characterized by magnesium-associated chloride. The characteristic normative salt mineral 
assemblage of halite-bischofite-kieserite-camallite for these two sites indicates that at least 
some of the source water may be connate sea water (Bodine and Jones, 1986, p. 39-40, 
figure 4). However, calcium sulfate is also high in the salt norm, which could mean the 
water at sites #1 and #2 is a mixed water , i.e., a mixture of evaporated sea water and 
meteoric water that has dissolved gypsum from the basin-fill material. 
SN ORM analysis of the sites adjacent to the San Pitch Mountains (particularly #20 
and #23), for which SN ORM calculated high amounts of magnesium carbonate salt 
(appendix G), indicates some dolomite in the Arapien Shale. There was one characteristic 
67 
dolomite peak in the XRD analysis of the Arapien Shale sample collected in Chicken Creek 
Canyon north of sites #20 and #23. A second rock sample was collected (see appendix F, 
Arapien Shale, Sample 2 [random sample]) on May 10, 1996 for XRD analysis to more 
definitively determine if dolomite was present. The sample was collected at water-quality 
site #22 (figure 9) in Little Salt Creek Canyon. XRD analysis showed a prominent 
dolomite peak, thus confirming dolomite as the probable source of the high amounts of 
SNORM magnesium carbonate salt. 
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SUMMARY 
Four objectives were stated for the study in southern Juab Valley: 1) define the 
present chemistry of the ground and surface water; 2) qualitatively define the mineralogy 
of the Arapien Shale; 3) determine the possible sources of water salinity; and 4) 
determine the main flow path in the ground-water system. 
The surface water (Chicken Creek) is low in dissolved solids relative to the ground-
water samples (table 1). The total dissolved solids range from 141 to 593 mg/L for the 
surface-water samples and from 623 to 3,980 mg/L (excluding site #4, which is a spring 
that receives recent snowmelt recharge near the top of the San Pitch Mountains) for the 
ground-water samples. Temperatures of the water samples range from 10.5 to 15.5 °C 
(excluding two samples where temperature could not be taken at the collection site and 
water was presumed to have warmed). Measurements of pH range from 7.1 to 8.4 for 
surface- and ground-water samples. The major ions in the water are calcium , magnesium, 
sodium, bicarbonate, sulfate, and chloride. Delta oxygen-18 ratios range from -16.69 to 
-15.35 o/oo and delta deuterium ratios ranged from -127 to -119 0/00 . Delta sulfur-34 
ratios range from 7.45 to 17.4 0/00. Chlorofluorocarbon (CFCs) sampling was 
unsuccessful at two of the three sites. However , at the third site (#18) , CFCs indicate the 
water was recharged between 1980 and 1987. 
The mineralogy of the Arapien Shale by XRD analysis shows a composition of illite 
micas, chlorite, quartz , calcite, halite , feldspar (possibly K-spar), and dolomite. XRD 
analysis of a white nodule that was embedded in the Arapien Shale shows a composition of 
69 
gypsum and possibly quartz and calcite. 
The main sources of water salinity are dissolved gypsum and, to a lesser extent, 
dissolved halite . Two surface-water samples, separated by about 5 miles in the canyon of 
the San Pitch Mountains, on Chicken Creek, have total dissolved solids of 141 mg/L 
upstream and 593 mg/L downstream. This increase is due to an almost 17-fold increase in 
the sulfate-ion concentration (12 mg/L at site #5 to 200 mg/L at site #6). Major ion graphs 
also show sulfate enrichment in surface- and ground-water samples in relation to chloride, 
bicarbonate, and calcium. 
The chemical data suggest that gypsum and halite are dissolving, and calcite is not 
dissolving and could be precipitating, depending on the kinetics of the geochemical 
reactions in the water. The saturation indices (appendix B) of gypsum and halite showed 
all samples to be undersaturated (negative numbers) , and all but two of the calcite 
saturation indices are either saturated or slightly oversaturated (numbers close to zero or 
just greater than zero). SN ORM simple salt weight percents show that, if the water samples 
were evaporated to dryness, calcium sulfate predominates in 17 of the 23 water samples. 
NETPATH iteration s (appendix H) provide more probable evidence of gypsum and halite 
dissolution and calcite saturation (possibly precipitating in some areas). 
The greatest link between the gypsum salinity and its source comes to light with 
the sulfur-34 isotope data. A probable NETPATH model was created using sulfur 
(representing the sulfate concentration), calcium, sodium, and chloride as the ion 
constraints, and calcite, gypsum, and halite as the associated mineral constraints for two 
water samples (sites #11 and #16). Sulfur-34 isotope data for these initial and final waters 
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(along the hypothesized flow path) and for the Arapien Shale were also input. The final 
gypsum concentration that was modeled using NETPA TH equaled the change in sulfate 
concentration from the initial to the final water calculated in a mass balance equation . 
The main flow path was determined from the NETPA TH run discussed above . It 
was hypothesized that most of the ground water in southern Juab Valley travels in a general 
southwest direction from Chicken Creek to Chicken Creek Reservoir (figure 6). The San 
Pitch Mountains are higher than the hills on the west side of the valley and, therefore, 
receive more precipitation. Chicken Creek , in the San Pitch Mountain s, is the major 
perennial stream in southern Juab Valley and has a larger drainage area than the ephemeral 
stream s. The potentiometric surface map (figure 6) of the valley supports the southwest 
flow pattern. 
It is suspected that there is a shallow , relatively fast-moving main flow path. 
Evidence of this path include s lower dissolved solids in springs (#17 and #18) near Chicken 
Creek Reservoir relative to two nearby flowing wells (#15 and #16) and the dates of the 
CFCs, which indicate that the travel time from the San Pitch Mountains (most likely the 
Chicken Creek area) to a spring near Chicken Creek Reservoir is 6 to 12 years over a 
distance of almost 10 miles. Sites #17 and# 18 (springs near Chicken Creek Reservoir) 
had lower amounts of chloride , sulfate, magnesium and sodium than did two flowing wells 
(#15 and #16) adjacent to the springs. This increase in ions could be due to a longer 
residence time for the water that is coming from the flowing wells. The water coming from 
the springs is fed by the shallow fast-moving path and minerals do not have as long a time 
to dissolve. 
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Palmer Spring (#19) has a very high total dissolved solids (TDS) content, about 
three times higher than the other nearby springs (#17 and #18). The bromide to chloride 
(Br/Cl) ratio for Palmer Spring (0.00055) is more in line with the flowing wells (0.00050 
for #15 and 0.00038 for #16), than with the two springs (0.00022 for #17 and 0.00012 for 
#18). The higher TDS and Br/Cl ratios indicate the water is circulating to greater depths 
than the other springs, but the Br/Cl ratio of Palmer Spring is not greater than 0.003, which 
would indicate a connate water component, as seen at sites #1 and #2 where TDS is also 
high. Based on the chemical evidence and the mapping of an inferred fault along the West 
Hills that dips down eastward across the valley , it is hypothesized that the water issuing 
from Palmer Spring circulates to relatively great depths , probably deeper than the flowing 
wells based on the TDS, but, instead of continuing to traverse the valley, it is influenced by 
the inferred fault and is possibly moving upward near the contact. Possible evidence of 
contact with, or influence by, the inferred fault is the SNORM diagnostic salt mineral 
assemblage, which includes kieserite (5.2% by weight) , a mineral commonly found in 
marine-connate waters. However, the diagnostic salt mineral assemblage for Palmer 
Spring also includes 25% by weight of indirite, a mineral commonly associated with recent 
playa and spring deposits, which leads to the determination that Palmer Spring has a small 
component of connate water and a larger component of playa salts dissolved in the water 
(Bodine and Jones, 1986, p. 37, figure 4). 
Water from sites #1 and #2 has anomalously high TDS contents compared to other 
ground-water samples . Their Br/Cl ratios are very close to 0.003, indicating that the high 
chloride is not caused by dissolution of halite, but contains a component of evaporated o:d 
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sea water ( connate water), which is naturally higher in bromide than meteoric water. It is 
hypothesized that water from these two sites is a mixture of connate and meteoric water. 
The inferred fault may be the conduit for the connate water on the west side of the valley. 
The meteoric water is more recent recharge . Evidence for mixing includes the high MgCl 
weight percentages calculated by SNORM (appendix G), which are indicative of a 
normative salt assemblage for sea water that has undergone evaporation and has less 
sodium chloride and calcium sulfate due to those minerals precipitating (Bodine and Jones, 
1986), and the high calcium-sulfate weight percentages, which are from the meteoric 
source (water recharged to southern Juab Valley) . 
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Appendix A 
Numbering System for Hydrologic Data Sites in Utah 
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The system of numbering wells and springs in Utah is based on the adasttal land-survey system of the U.S. CiovemmenL Tbe 
number. in addition to designating the well or spring. describes ilS position in the land neL The land-survey system divides the Swe 
into four quadranlS sepamed by the Salt Lake Base Line and the Salt Lake Meridian. These quadrants are designated by the upper-
case letters A. 8. C. and D. indicating the northeasL northwest. southwest. and southeast quadnnts. respectively. Numbers 
designating the township and range. in that order. follow the quadnnt leacr. and all three an: enclosed in parerwieses. The number 
after the parentheses indicates the section and is followed by three .leaers indicating the quaner section. the quaner-quaner section. 
and the quaner-quaner-quaner section-generally IO acre traas for regular secuons1; Tbe lowercase lea.en a. b, c. and d indicate. 
respectively, the northeasL northwesL southwest. and sowbeast quaners of each subdivisicn Tbe number after the leners is the serial 
number of the well or spring within the I 0-acrc UllCL Tbe leucr 'S' preceding the serial number designates a spring. A number having 
all three quaru:rdesignations but without the letter Sand serial number indicates a miscell•arous data site other than a well or spring, 
such as outflow from a group of springs. Thus. (C-13-1 )laid-I designates the tint well conmuaed or visited in the southeast J/4 of 
the southeast 1/4 of the southwest 1/4 in section l, T. 13 S., R. I W. 
Sections within a township 
R.1 w. 
6 5 4 
7 8 9 10 
17 16 15 
31 
i---smiles 
I-- 9. 7 kilometers 
B A 
&ALT 
c D 
UTAH 
b 
Tracts within a section 
Section 1 
b a 
a 
d 
(C-13-1 )1cdd-1 
I Allhough the b.lsic bnd uniL the section. is theorctic::illy I square mile. many scaions are imgubr. Such seaions an: subdivided inlO 
I 0-.icre u:ias . gencllllly be1111nmng .11 lhc so~1 comer . .ind lhc surplus or sho~ is I.IUD up in lhc tr.iaS along lhc nonh .ind wcs1 sides of 
the ~ction . 
Appendix B 
Mineral Saturation Indices 
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MINERAL SATURATION INDICES 
(Log 10IAP/KT) 
Site 
number on 
figure 9 Calcite Dolomite 
1 0.181 0.647 
2 0.309 1.124 
3 0.144 0.096 
4 0.126 -0.008 
5 0.904 1.574 
6 0.578 1.146 
7 0.171 0.018 
8 0.563 0.950 
9 0.040 -0.162 
10 0.344 0.465 
11 0.069 -0.115 
12 0.777 1.332 
13 -0.098 -0.286 
14 0.161 0.067 
15 0.037 0.011 
16 -0.130 -0.337 
17 0.214 0.223 
18 0.200 0.182 
19 0.568 1.186 
20 0.381 0.891 
21 0.379 0.717 
22 0.773 1.854 
23 0.457 1.168 
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Gypsum Anhydrite Halite 
-1.087 -1.339 -5.406 
-0.619 -0.847 -4.867 
-1.195 -1.447 -7.499 
-2.235 -2.483 -8.983 
-2.572 -2.827 -8.563 
-1.414 -1.662 -6.665 
-0.933 -1.186 -7.275 
-0.978 -1.231 -7.128 
-0.715 -0.996 -6.627 
-0.792 -1.045 -7.002 
- 1.085 -1.338 -7.188 
-0.814 -6.777 
-0.832 -1.081 -6.389 
-0.870 -1.123 -6.948 
-0.895 -1.147 -6.478 
-0.881 -1.132 -6.356 
-0.868 -1.123 -6.614 
-0.874 -1.129 -6.591 
-0.369 -5.151 
-1.481 -1.731 -6.471 
-0.850 -1.098 -5.736 
-1.183 -6.968 
-1.261 -1.511 -6.306 
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Appendix C 
Major Ion Graphs 
(note: dashed lines are 1: 1 relations and solid lines are regression lines) 
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Appendix D 
Piper Diagrams 
(measurement units : % meq/1 = percent milliequivalents per liter) 
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Chicken Creek 
80 60 40 20 20 40 60 80 
~Ca c,__. 
Cations % meq/1 Anions 
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Springs 
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Appendix E 
Stiff Chemical Diagrams 
Note: Scale units are in milliequivalents per liter. 95 
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Appendix F 
X-ray Diffraction Patterns 
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Appendix G 
SNORM Simple Salt Weight Percent Data 
SNORM SIMPLE SALT WEIGHT PERCENT DATA 105 
(The most abundant simple salt is delineated by bold-face type.) 
I. (C-14- 1)14cac- 1 6. Chicken Creek 11. (C-15- 1) lbaa- 1 
Na 2CI2 45.762 Na2Cl2 30.730 Na2Cl2 12.387 
K2Cl2 0.096 CaS0 4 35.263 K2Cl2 0.738 
MgC12 13.877 MgS0 4 5.646 CaS0 4 51.756 
CaS0 4 29.851 K2S0 4 0.872 MgC0 3 27.423 
MgC0 3 5.388 Na2S0 4 5.952 CaC0 3 7.696 
CaC0 3 5.026 MgC0 3 21.536 
2. (C-14- 1)22ddc- 1 7. (D-14- 1)31ada- 1 12. (C-15- l)llbaa- 1 
Na2CI2 43.287 Na2Cl2 10.076 Na2Cl2 17.658 
K2Cl2 0.450 K2Cl2 0.672 K2Cl2 0.565 
MgCI2 10.544 CaS0 4 60.775 CaS0 4 59.420 
CaS0 4 30.690 MgC0 3 20.551 MgC0 3 14.758 
MgS0 4 9.733 CaC0 3 7.925 CaC0 3 7.598 
MgC0 3 5.296 
3. (D-14- 1)30add- 1 8. (C-14- 1)36adb- 1 13. (C-15- l)lOacc- 1 
Na2CI2 10.522 Na2CI2 11.668 Na2Cl2 21.877 
K2CI2 1.201 K2CI2 0.594 CaS0 4 49.497 
CaS0 4 52.885 CaS0 4 58.540 MgS0 4 6.943 
MgC0 3 21.622 MgS0 4 0.252 K2S0 4 0.800 
CaC0 3 13.770 K2S0 4 0.366 Na2S0 4 7.541 
MgC0 3 28.581 MgC0 3 13.342 
4. (D-15- 2) 18bab-S 1 9. (D-15- 1) 6cab- 1 14. (C-15- l)lObdd- 1 
Na2CI2 3.456 Na2CI2 18.476 Na2CI2 14.017 
K2CI2 0.870 K2CI2 0.542 K2CI2 0.611 
CaS0 4 11.343 CaS0 4 61.251 CaS0 4 62.316 
MgC0 3 31.650 MgC0 3 13.243 MgC0 3 21.545 
CaC0 3 52.680 CaC0 3 6.487 CaC0 3 1.510 
5. Chicken C. at campground 10. (C-15- 1)12aaa- 1 15. (C-15- 1)16baa- 1 
Na2CI2 5.014 Na2CI2 11.523 Na2CI2 18.974 
K2CI2 1.021 CaS0 4 63.053 CaS0 4 40.776 
CaS0 4 6.975 MgS0 4 2.592 MgS0 4 11.420 
MgC0 3 38.836 K2S0 4 0.701 K2S0 4 1.165 
CaC0 3 48.153 Na2S0 4 2.487 Na2S0 4 12.526 
MgC0 3 19.644 MgC0 3 15.138 
106 
SNORM SIMPLE SALT WEIGHT PERCENTS - continued 
16. (C-15- 1)16bad- 1 20. (C-15- 1)26adc- 1 
Na2Cl2 24.078 Na2Cl2 32.717 
CaS0 4 48.122 K2Cl2 0.190 
MgS04 6.180 CaS0 4 28.734 
K2S0 4 0.983 MgS04 0.621 
Na2S0 4 6.492 K2S0 4 0.899 
MgC0 3 14.145 MgC0 3 36.837 
17. (C-15- 1)16bad-Sl 21. (C-15- 1)35abd- 1 
Na2Cl2 16.386 Na2CI2 35.232 
CaS0 4 44.881 CaS0 4 24.210 
MgS0 4 7.561 MgS0 4 11.475 
K2S0 4 1.618 K2S0 4 0.982 
Na2S0 4 7.604 Na2S0 4 12.741 
MgC0 3 21.949 MgC0 3 15.359 
18. (C-15- 1)16bda-Sl 22. (C-15- 1 )36cdc-S 1 
Na2Cl2 16.770 Na2Cl2 15.164 
CaS0 4 43.107 CaS0 4 44.572 
MgS0 4 8.350 MgS0 4 6.951 
K2S0 4 1.625 K2S0 4 1.388 
Na2S0 4 8.529 Na2S0 4 7.072 
MgC0 3 21.618 MgC0 3 24.852 
19. (C-15- 1)16cdb-Sl 23. (C-16- 1) 3cdd-1 
Na2Cl2 40.257 Na2Cl2 30.882 
K2Cl2 0.262 K2Cl2 0.734 
MgC12 0.334 CaS0 4 37.863 
CaS0 4 44.606 MgC0 3 28.588 
MgS0 4 7.050 CaC0 3 1.932 
K2S0 4 0.167 
MgC0 3 7.323 
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Appendix H 
NETP A TH Modeling Data 
108 
NETPA TH model #1 
This model tests the hypothesized main flow path across southern Juab Valley (reference 
figure 6) utilizing chemical data for sites #11 (initial) and #16 (final) (reference figure 9 
and table 1). The CONSTRAINTS include amounts of calcium (Ca); sulfur (S); sodium 
(Na); and chloride (Cl) that were determined for sites #11 and #16 . These amounts were 
input into NETPA TH and all possible geochemical mass-balance reactions were tested to 
determine if this flow path was probable and what would be the amounts and states 
(dissolving or precipitating) of the designated PHASES (minerals and gases chosen by 
the modeler). Sulfur-34 isotope data for the gypsum sample and for sites #11 and #16 
were input and the model computed ("modeled final value ") what the sulfer-34 content 
would be of the final water , which closely agrees with the laboratory-determined amount 
of 15.9 parts per mil (o/oo). 
Initial Well: (C-15-1) lbaa-1, Site#ll 
Final Well : (C- 15- 1)16bad- 1, Site #16 
CONSTRAINTS (millimoles): 
Final 
Ca 3.4973 
s 5.0029 
Na 4.7906 
Cl 4.5185 
CALCITE Ca 1.0000 
GYPSUM Ca 1.0000 
EXCHANGE Ca -1.0000 
NaCl Na 1.0000 
H2S GAS s 1.0000 
PHASES (millimoles): 
CALCITE 
GYPSUM 
EXCHANGE 
NaCl 
H2S GAS 
-2.07898 
2.29848 
-0.03130 
2.9375 2 
-0.00466 
c 
s 
Na 
Cl 
RS 
Initial 
3.2465 
2.7091 
1.9156 
1.5810 
1.0000 
1.0000 
2.0000 
1.0000 
-2.0000 
RS 4.000011 0.000012 0.0000 
RS 6.000013 17.4000 
Mg 0.0000 
(note: Negative amounts denote precipitation (or degassing) and positive amounts denote 
dissolution of the above mineral/gas phases.) 
NETP ATH model #1 ( continued) 
ISOTOPE DATA (parts per mil): 
Computed Observed 
Sulfur-34 15.8838 15.9000 
Data used for Sulfur-34 : 
Initial value: 14.6000 Modeled final value: 15.8838 
1 dissolving phase: 
Phase Delta S 
GYPSUM 2.29848 
Isotopic composition ( o/oo) 
17.4000 
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110 
NETPATH model #2 
This model tests the hypothesized main flow path across southern Juab Valley (reference 
figure 6) utilizing chemical data for sites #6 (initial) and #16 (final) (reference figure 9 
and table 1). The CONSTRAINTS include amounts of calcium (Ca), sulfur (S), sodium 
(Na), and chloride (Cl) that were determined for sites #6 and #16 . These amounts were 
input into NETP A TH and all possible geochemical mass-balance reactions were tested to 
determine if this flow path was probable and what would be the amounts and states 
(dissolving or precipitating) of the designated PHASES (minerals and gases chosen by 
the modeler). Sulfur-34 isotope data for the gypsum sample and for sites #6 and #16 
were input and the model computed ("modeled final value") what the sulfur-34 content 
would be of the final water, which is approximately 0.3 parts per mil (o/oo) different 
from the observed (i.e., the value measured in the lab). 
Initial Well: CHICKEN CREEK NEAR LEV AN, Site #6 
Final Well : (C-15- 1)16bad- 1, Site #16 
CONSTRAINTS (millimoles): 
Final 
Ca 3.4973 
s 5.0029 
Na 4.7906 
Cl 4.5185 
CALCITE Ca 1.0000 c 
GYPSUM Ca 1.0000 s 
EXCHANGE Ca -1.0000 Na 
NaCl Na 1.0000 Cl 
PHASES (millimoles): 
CALCITE -1.04204 
GYPSUM 2.91946 
EXCHANGE 0.07792 
NaCl 1.41369 
Initial 
1.6978 
2.0834 
3.2210 
3.1048 
1.0000 RS 
1.0000 RS 
2.0000 Mg 
1.0000 
4.000011 
6.000013 
0.0000 
0.000012 0.0000 
17.4000 
(note: Negative amounts denote precipitation (or degassing) and positive amounts denote 
dissolution of the above mineral/gas phases.) 
NETP A TH model #2 ( continued) 
ISOTOPE DATA (parts per mil): 
Computed Observed 
Sulfur-34 15.6093 15.9000 
Data used for Sulfur-34: 
Initial value: 13.1000 Modeled final value: 15.6093 
1 dissolving phase: 
Phase Delta S 
GYPSUM 2.91946 
Isotopic composition ( o/oo) 
17.4000 
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NETPATH model #3 
This model tests the hypothesized main flow path across southern Juab Valley (reference 
figure 6) utilizing chemical data for sites #6 (initial) and #11 (final) (reference figure 9 
and table 1). The CONSTRAINTS include amounts of calcium (Ca), sulfur (S), sodium 
(Na), and chloride (Cl) that were determined for sites #6 and #11. These amounts were 
input into NETPA TH and all possible geochemical mass-balance reactions were tested to 
determine if this flow path was probable and what would be the amounts and states 
(dissolving or precipitating) of the designated PHASES (minerals and gases chosen by 
the modeler). Sulfur-34 isotope data for the gypsum sample and for sites #6 and #11 
were input and the model computed ("modeled final value") what the sulfur-34 content 
would be of the final water, which is approximately 0.5 parts per mil (o/oo) different 
from the observed (i.e., the value measured in the lab). 
Initial Well : CHICKEN CREEK NEAR LEVAN, Site #6 
Final Well : (C.-15- 1) lbaa- 1, Site #11 
CONSTRAINTS (millimoles): 
Final Initial 
Ca 3.2465 1.6978 
s 2.7091 2.0834 
Na 1.9156 3.2210 
Cl 1.5810 3.1048 
CALCITE Ca 1.0000 c 1.0000 RS 4.0000ll 
GYPSUM Ca 1.0000 s 1.0000 RS 6.000013 
EXCHANGE Ca -1.0000 Na 2.0000 Mg 0.0000 
NaCl Na 1.0000 Cl 1.0000 
PHASES (millimoles): 
CALCITE 1.03228 
GYPSUM 0.62564 
EXCHANGE 0.10922 
NaCl -1.52383 
O.OOOOI2 0.0000 
17.4000 
(note: Negative amounts denote precipitation (or degassing) and positive amounts denote 
dissolution of the above mineral/gas phases.) 
NETP A TH model #3 ( continued) 
ISOTOPE DATA (parts per mil): 
Computed Observed 
Sulfur-34 14.0931 14.6000 
Data used for Sulfur-34: 
Initial value: 13.1000 Modeled final value: 14.0931 
1 dissolving phase: 
Phase Delta S 
GYPSUM 0.62564 
Isotopic composition ( o/oo) 
17.4000 
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